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PREFACJE 


This small b»()k is the result ol*aii attempt to bring together 
material which has been treated in many separate volumes. 
The aim is to make this material available in the classroom, 
rather than to present new facts or distinctive ideas. Material 
has been taken from piany books, and in so doing it has been iJie 
intention to give credit to the several authors by specific mention 
in each eg-se. If by any chance this has been overlooked, the 
author takes this opportunity to make due acknowledgement. 

There is a growing feeling among engineering educators in the 
country at large that engineering curricula should include work 
in economi(!S, pure and applied. It is well-nigjji universal practice 
to send students to the several departments of (bionomics for the 
fundamental course in the elements. Beyond this the standard 
courses in economics are specialized to such extent that an 
impossible amount of time would be recpiired to give an engineer¬ 
ing student an introduction to all of the various subjects of w'hich 
he should have some knowdedge. 8uch topics are brought 
together in this volume, with brief treatment, it is true, with 
the purpose of introducing the student to the main principles 
which underlie business procedure, and of giving him an intro¬ 
duction to more extended specialized treatises. 

A mechanical or industrial engineering student has an espe¬ 
cially urgent need for a book of this sort. The former educfJtional 
practice of concentrating the technical training^in •mechanical 
engineering into the linos of pow’er development and machine 
design is giving way to the plan of so directing the training that 
there wall be afforded many i)oints of contact with manufacturing 
industries. The design and layout of factories are demanding 
more of the* time and energy of the engineer today than is the 
design of steam engines. Economy in production, on w'hich the 
industrial future of this country will depend, is something that is 
directly associated with the layout of industrial plants and the 
effective control of material as it flows from the st ock bins to the 
shipping platform, and of labor in it*s manipulative work. 
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Further than this, there is.a science' of location of industries. 
The'engineer o^ the future will exercise morte and more fully the 
function of an industrial expert who analyzes .conditions with 
respect to their influence on industrial establishments. While 
primarily a man of producfoion, he must have an understanding 
of the market and its reflex effect upon successful manufacturing 
enterprises. He must, have ap appreciative understanding of the 
influence of transportation on his proposed plan. He must be 
aware of the fact that climatic conditions and the racial charac¬ 
teristics of the different groups which make up our population 
have their due share of influence toward success or failure. , 
It is the aim of Part I to present such an outline to guide the 
study of the prospective mechanical and industrial engineer. 
Part II covers the mon* general problems of organization and 
administration, adaj)t(‘d l.o the needs of all classes of engineers. 
The important topic of (iontracts is merely outlined in Appendix 
C. It is given, not as a topic in management engineering, but 
rather as an accompanying reference to a subject that should be 
studied with care by eveiy engin(*er. 

P. F. Walkek 

LAWRENCJi, Kansas, 
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MANAGEMENT ENGINEERING 


CHAPTER I 
BASIC PRINCIPLES 

Modern conditions have brought into organi/(‘d industiy a 
demand for systematic coordination of all the fact ors which bear 
upon it- Industrial history recounts the efforts of individuals 
who have striven, with varying success, to perfect and advance 
the several phases of production and of marketing. Great 
advances were made by the introduction of mechanical power. 
Equipment made usable by power has been developed to a degree 
almost beyond the imagination. The organization of industry 
into large interests for the purpose of realizing on the benefits 
coming from aggregations of capit al has been carried far in many 
lines of work. The legal phases of the organization of companies 
having the power of attracting capital have received tlue att9n- 
tion. Transportation agencies have extended their lines to 
serve industrial enterprise, mainly under the direction of men 
who have had little to do with production itself. The great 
business of the distribution and marketing of goods has had its 
growth under the direction of persons whose interests are purely 
in that line. These several agents have built well, frequently 
in conjunction with one another and occasionally in cooperation, 
but mainly under a system where each conside^pd only his own 
problems. 

It is not to be supposed that this condition will be materially 
changed, so far as the active conduct of affairs goes. It is true 
that many of our larger manufacturers sell directly to the con¬ 
sumer, thus combining two of the functions of industry, but this 
practice is limited to certain classes of products that make up the 
minority. Economic distribution will continue to call for specia¬ 
lized practices, quite distinct from the practices most effective in 
production, for the mass of goods turned out by organized enter¬ 
prise. Actual combination of interests in an organic way' is not 
the point at issue. But with the application of human energy 

1 
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and wisdom, as these forces must be applied for best effect 
today, there is the need for coordination and, especially for a 
sympathetic understanding of the related problems. Producers 
in particular have need for at^euratc knowledge of the methods 
to be employed in selling, and of the needs and peculiarities of 
their markets. The hit-or-mIss method of organizing and build¬ 
ing up producing plants belongs to the past. The studied and 
fully rounded-out plan for dealing with manufacturing enterprises 
is the distinguishing mark of the present and the future. 

Today two separate phases of this general, field of activity are 
recognized, namely-—• 

1. Correct designing of plants both as to location and physical 
characteristics. 

2. Effective operation. 

In sequence of development, lh(‘ second of these phases of 
activity came first. Some twenty years ago it was dtunonstrated 
by several men that system and scientific methf)ds applied to 
shop and factory problems would yield results. The work of 
F. W. Taylor stands out prominently in this connection, and his 
paper before the American Society of Mechanical Engineers in 
1901 was the signal for the beginning of a new era. Important 
as was that paper in its relation to personnel control, its greatest 
value lies in the fact that it pointed the way to better methods of 
dealing with all types of production processes. It demonstrated 
that the exact methods of the scientist are applicable in industry. 
As work in this line advanced, it at once became clear that existing 
factories were not arranged in a manner suited to operating 
possibilities. Many changes were necessary, some with respect 
to the handling and routing of materials in pro(!ess and some with 
resi)ect to the comfort and efficiency of workers. Thus grew up 
the activity thaUhas gradually assumed the standing of a separate 
phase of engineering work, namely, the designing and construc¬ 
tion of industrial plants. This deals imrnarily with new enter¬ 
prises, or re-established plants of older concerns, and with the 
consideration of the internal problems of the operating staff there 
arise questions of proper and desirable locations. Thus the 
first of the above-mentioned phases of our subject, grew into 
tangible form, under the stimulus <)f the second. 

Closely related to the task of adjusting the physical plant to 
market demands, selling methods, strategic location, and inteinal 
proceFsing arc the problems of financing and organizing the 
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company. It is impossible to plan the physical layout of the 
buildings, rooms, process equipment, and facilities for handling 
materials without an adequatelcnojvledge of the operating organi¬ 
zation. The technical adviser wife* is laying the foundation for 
the success of the enterprise must htive an adequate understand¬ 
ing of these matters, even if Jie does hold the controlling hand 
in all. The branch of engineering which has been thus evolving 
gradually, covering both of these main divisions of activity—plant 
design and operation—has found need for a descriptive name. 
One which has been gaining in favor, and which has been adopted 
in this book, is that of “Management Engineering.” ^ 

Management engineering is a term coining into more general 
use to describe the activities of developing and operating produc¬ 
ing plants. While freiiuently thought of as being the same a^? 
industrial engineering, it reaches beyond the direct problems of 
production and process, into the field of administration. 

Men of technical training and experience are coming more and 
more into positions where (questions of financial policy and com¬ 
pany organization are decided. They arc applying to questions 
of business the methods of analysis characteristic of engineering 
prat^tice. Tlieir judgment is tempered by knowledge^of the 
facts of process and operating technique. Their work is a 
blend of that of the mechanical engineer and that of the busineSs 
man, with the first taking priority as the more fundamental. 
This fact justifies classing the service as a branch of engineering. 
The principles of business and finance are adapted, as the princi¬ 
ples of physics and chemistry are adapted in the ordinary practice 
of technical engineering. , 

Production is a term which, by a sort of common conse^jt, has 
been employed to designate manufacturing in orgaj;iized enter¬ 
prises, according to the custom among the industMes themselves. 
The economist observes no such limitation of terms. It will be 
used in this restricted sense in this work, although in the discus¬ 
sion of organization and kindred topics railroads will be included 
as enterprises producing ton-miles and passenger-miles. Funda¬ 
mentally, the same basic principles prevail in these, as well as in 
mining enterprises. The test comes on the point of process 
and equipment. Wherever methods are based on a technique 
that is dependent on materials the physical characteristics of 
which are under control, and on .process equipment of such a 
character tha't engineering principles arc involved, then produc- 
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lion under organized industrial inethods*inay be said to prevail. 
Ever‘pressing fq.r the best answers are the«thrcc questions of 
what, where and how to produeii ufider the existent conditions. 

Production engiheer, prot^uction manager, and industrial 
engineer arc three titles ha\^ing similar meanings but with slight 
diff(U‘enccs of some significaxiee, all. coming within the scope of 
management engineering. The first two relate exclusively to 
operating activities in established plants. The third may 
applj'^ to work of that same character, or to the design and 
construction of plants as a business in,itself. While exact 
definitions are not necessary from the standpoint of general 
business, it is necessary to have an understanding of the meaning 
to be attached to these terms as they may be used in future dis¬ 
cussions on organization and personnel control. Such pseudo- 
titles as “efficiency engineer” should notrecognized. Every 
man working anywhere in the entire range of engineering practice 
is as much concerned with efficiency as is he who ha])pens to be 
doing the special things that gave rise to that unfortunate term. 

DEVELOPMENT OF MANUFACTURES 

In briefest outline, we need to sket(;h the history of the manu¬ 
facturing industries, in order that a view of certain fundamental 
factors may be gained. Of these factors transportation has a 
peculiar significance. In the period wh(;n means for transport 
were few and crude, it controlled in well-nigh absolute manner 
the concentrations of [)opulations and of industrial capital, 
following which it will be seen that with its developing agencies 
it gradually became the m(;ans for decentralization. 

Early manufacturing establishments, as industry drew away 
from the dbm^stic period conditions, were centered in seaport 
towns, because water transportation w'as the only kind available. 
For the same reasons, all towns of large size were coast and river 
towns. In no other way could large quantities of stores or 
materials for the support of people and of manufacturing i)lant8 
be moved. Of course, many flour and grist mills, as well as lum¬ 
ber mills, were scattered through areas yielding the raw materials, 
but even in these lines the plants were mainly on the rivers, so 
that lumber, especially, could be floated to the seaports. It was 
simply a matter of whether raw material or finished product 
could be shipped the more easily. In activities* like that of 
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spinning and weaving woolen goqds, where the wool or the goods 
could be transported with about equal facility^ the deterfnining 
element may have been that of convenience in moving equipment 
to the mill, this equipment beingybulky arid heavy. The con¬ 
centration of workers in the coast ft,nd river towns tended in the 

same direction. Such conditions cvplain the early development 

- • ^ 

of many of the present industrial centers of the United States. 
The start thu5 made gave these'towns reputation and prestige, 
as well as trained workers with acquired characteristics, which 
became important factors in a continued development on a 
scale that would not have resulted had more modern transporta¬ 
tion agencies been in use from the beginning. ' 

Under thp early conditions an extensive maritime trade 
developed, both domestic and foreign. When the railroads came 
into existence, they found these established trade routes between 
the important cities, and, to secure any business, they were 
forced to adjust their rates, for those towns, to a level lower than 
they could afford to maintain on the averag<». This meant that 
other traffic, not in competition with water routes, was compelled 
to accept high rates. Out of the situation thus instituted 
there has evolved a rate-making system, based on arbitrary rulings, 
which is not in accord with either distance or cost of service. 
Although rates have been modified in many details through ki 
gradual i)rocess of readjustment, the old established centers 
still enjoy advantages that hold many industries which other¬ 
wise would be located in closer accord to fundamental condition¬ 
ing factors. Kates arc fixed on certain base points, usually coast 
or river towns, and other localities arc forced to accept differen¬ 
tials sometimes out of proportion with service demands. The 
way out of this is slow and perhaps impossible of full realization. 
The situation is one that must be taken into a<.‘co*unt in any 
consideration of the localization of industries. 

After the advent of the railroads, the growth of the iron and 
steel industry was the most striking event in American business. 
Material resources account for the concentration in the Pitts¬ 
burgh district. Iron smelting, in common with the smelting 
of other metals in general, involves two major materials, ore and 
fuel, and economy demands that only one should be subject 
to long-distance movement to the point of application. With 
a major industry thus established, itself the origin of an article 
which is a r^ material for a host of other enterprises, we sec 
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another strong influence made operative?. This is the influence 
of relkted indusljfies. It comes partly from'similarity in labor 
demands and partly from liKe trade demands. Marketing is 
made easier when liiany rel&I^Hl lines of goods are handled from 
one point. These facts explain the growth that took place in 
western Pennsylvania and New Yo/k, and in the three or four 
states to the westward, tiuring the latter half of the nineteenth 
century. Great Lakes traffic helped it on, and it n’iust be remem¬ 
bered also that this section was in the center of the country with 
a vast undeveloped area, rich in food-producing power, on the 
western side. 

Another type of enterprise, one which must stay close to the' 
source of its principal raw material, was developini^ at the same 
time. This was the ceramic industry in Ohio. Related to it— 
in reality a branch activity—was cement manufacturing in 
eastern Pennsylvania and, in lesser degree, also in Ohio. C-laj'^ 
products form today a resource common to many sections of the 
country, awaiting * only market demand for development in 
significant measure. 

An important movement of the past quarter century has been 
that of the cotton-goods industry into the cotton-growing 
states of the South. The controlling inducements were the water¬ 
power resources of the new region and the chance to cut across 
the long shipping route and reach developing markets without 
the long haul into the extreme northeastern states and then 
back to the westward. It has been a step in which the newer 
means of transportation are used in overcoming the handicap 
represented by prestige fostered by the older. 

There has been a somewhat similar movement in shoe and other 
leather-goods manufacturing toward the markets of the West. 
This is purelj^the effect of markets and transportation. Raw 
materials are available on about equal terms throughout the 
country, unlike the situation in cotton goods, and the cost of 
shipping the finished article to market has been the determining 
factor. St. Louis became an important shoe city many years 
ago, and now the business is moving still farther west. 

A different set of conditions led to the growth of the agricultural 
implement business in the Mississippi Valley states. As agri¬ 
culture on the level plains of the West was built up, new types 
of machinery and implements were demanded, thus creating 
a market distinctly regional. Transportation in the finished 
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state is expensive for such articles, so that manufacturers in the 
near-by centers hafl several points of advantag«. 

Still anothej- industry in which transportation casts the decid¬ 
ing vote is that of petroleum refininjf W the volatile fuel products. 
No particular grouping is noticeable. The light products, espe¬ 
cially gasoline, ar^transportaii only stt. qpnsidcrable cost and some 
danger, while ^ipe lines furnish, the means for moving crude 
oil economically. The result is the placing of refineries at 
important marketing centers. The opening of new producing 
fields in various parts of the country has caused a wide spread 
of the refining business as a whole. The date of the beginning,of 
oil refining was so late, however, that it has prevented the 
building up of any center of activity in such a degree as to amount 
to concentration in any one section of the country. 

In considering the extent of growth of the industries for our 
present purposes, values of products form an unsafe guide. 
The value of the dollar has varied so greatly that it does not 
serve as an index of the true influence of the several activities as 
factors in social and economic progress. A more significant, 
because more constant, element is the number of persons engaged. 
While it is true that the product per employee has steadily 
increased, there has been a measure of uniformity in the increase. 
Aftei all, it reallj^ is the influence on population rather than the 
amount of goods produced that is of significance, and, for this, 
the number of persons employed is the direct index. 

The following tabulations and graphs show how some of the 
more important industries have developed over a long period of 
years. For some of them it has been possible to trace the growth 
in the several groups of states, and thus to portray the gradual 
westward movement that has taken place. , 

In the aggregate, the sum total of the manufactuilng industries, 
combined with the railroads and coal mining closely related 
thereto, constitutes the means of livlihood of a large portion 
of the population of the country. In the last few decades the 
United States has become an industrial nation. While exports 
of raw food nroducts, cotton, and a few other commodities 
continue, we have developed as a market for these same commodi¬ 
ties, so that imports in various lines are coming in, and our exports 
have changed gradually to include finished manufactiired goods 
in many lines. The present status is one of mixed interests, 
more difficult to deal with successfully in the afljustment of trade 
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Fm 1.—Map showing \ve«twarfl trend of industries. 




Total for the United States—Nvmber of Persons Engaged in the Following Industries 
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relations than was the case when imports were almost wholly 
manufactured arlScles and the jainji was to stirnulate home indus¬ 
tries by protecting,.them frpm foreign competition. For the 
maintenance of trade in the rtiarkets of the world, on which the 
present system depends, there exists the necessity of holding 
down costs of productioik'. \Some of the coneVtions peculiar to 
this country tend to increase e/)sts, notably high ,wage scales to 
accord to living standards. To offset this, other cost elements 
must be reduced, mainly through improved design and efficient 
methods. It is this necessity which has brought about the highly 
developed systems which characterize American industry, and^ 
out of which this new phase of technical activity known as 
Mavagement Engineering has grown. 

We thus come t o a consideration of this thing which is t ermed 
the Factory System. We need to analyze the true elerrumts 
which form the basis for the present methods of doing business 
in the producing industries. Superficial statements do not 
suffice. In order to understand the plan of organization, con¬ 
struction, and operation of a modern enterprise, or to forecast the 
conditions for such, we must get at the underlying principles. 
To do .this it is necessary to go back of the physical and look at 
the fundamental economic principles which underlie production. 

THE FACTORY SYSTEM 

Consciously or unconsciously, as modern industrial methods 
developed, it became recognized, on the one hand, that the 
populations which constitute the markets of the world were 
intensely concerned with the conditions surrounding the produc¬ 
tion of mai?,ufactured goods, and, on the other hand, that pro¬ 
ducers, in their need for permanent and steady markets, must 
consider with care the demands and needs of those markets. 
Exceptions and monopolistic ventures to the contrary notwith¬ 
standing, the history of manufacturing has been that of the 
growing needs and capacities of consumers, with the progressive 
manufacturers ever studying and anticipating those needs and 
usually making possible the notable advances in the arts of 
civilization. 

In the early years producer and consumer were close together. 
This was true in the geographic sense, with the hmited trans¬ 
portation facilities, but in a more significant sense it was true 
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with respect to metho*ds ■ and aims in production. Even after 
machinery came ihto service and adequately •equipped factory 
buildings became the rule, at “least in a few industries, workers 
were still in relatively close tou^J? with consumers. Too fre¬ 
quently, perhaps, we allow our jTidgments to be formed by 
conditions in tly^ (iotton and woMep goods branches of the 
textile industry. It is true that^in those two lines development 
to something near present-day conditions took place rapidly. 
In the far greater number of manufacturing activities, producing 
workers remained in.touch with consumers and their needs well 
on toward the later decades of the nineteenth century. Speciali¬ 
zation had not beco/Jic pronounced in most lines, and each worker 
had to do with the product as it assumed the form in which it 
was destined .to serve the consumer. Ilis part in it was specific 
and api)arent, and ho could not (escape a personal rc'sponsibility 
for quality. The incentive for him was to producie an article 
having tangible qualili(!s associated with the ultimate consumer 
whose existence was real. 

As development proceeded in one industry after another, the 
jdiysical ecpiipnient iiuTcased in many respects and in ways 
which w(^ need not attempt to analyze. But machinery of the 
physical pro(!ess variety did not bring about the vital change. 
Th(- fact of having mechanical power derived from steam or otht'r 
motor did not. Even with all the physical appliances, and in 
large buildings, many workers might have continued to prodiuie 
with the same direct contact with the finished article and with 
the needs of the consumer. The vital clement of the new 
system with r(‘sp(‘ct to the individual worker is that he no longer 
has that contact. He is now working on the production of 
articles, or parts of articles, or is assembling parts which others 
have made. He no longer produces the article having real 
working qualities, but an article conforming to specified stand¬ 
ards. Ilis incentive to effort is different from the former one. 
It may be made as real an incentive, although different, hut 
that depends upon the management, not upon the needs or demands 
of the consumer. The contact between producer and consumer, 
through which the aim of production is realized, is by delegated 
agents. It is action in mass. 

Some may say that this change in the status of the worker is the 
effect only of the factory system. , It is more than effect; it is the 
significant factor in the system. Not physical equipment in 
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itself, but organization of the plant and staff, management of 
operating details^ and determination of character of product 
are the vital elements. The worlcer is the vital fp^’ce at the last 
analysis, and the others arc o.ger\cies through which his efforts 
are made effective and coordinated with all other forces. The 
system is the result. , * » ^ 

This is the point to which w<} have grown in bijt little over a 
century of progress. There arc many real problems to be solved 
by those who are to control further advancement, some of them 
human problems and some of them physical. It is a challenge 
to the technical man, who must bear the brunt of the task. 

FACTORS DETERMINING LOCATION OF INDUSTRIES 

In the preceding sketch of the development of manufacturing 
a(;tivities, mention has been made of certain influences which 
have led to the building up of centers. Especially has it been 
noted that transpoHation agencies have controlled in marked 
degree. Further discussion of that factor is unnecessary, except 
with respect to the reference there made to the effect that the 
railroads have become a decentralizing agent. In this view of 
the present situation there should be included with the railroads 
the other means of communication as well as local transportation 
appliances. The telephone and the automobile have acted with 
the steam roads to change the conditions of living in small towns 
and rural districts. Marketing is a different proposition from 
what it was a few decades ago. Demands for goods are more 
uiyform in all parts of the country. There is a new social 
systen^ as well as a new factory system—an effect that cannot be 
overlooked. ^ 

A well-known authority on the scientific location of railroads, 
A. M. Wellington, has called attention to the fact that true 
economy is secured when the combined cost of production and 
transportation is a minimum. In the early days of railroad 
building this meant opening up undeveloped regions, the raw 
products from which could bo carried in quantities to the centers 
of population where demand was largely localized. Those 
centers coincided mainly with manufacturing centers, for reasons 
cited in the preceding section. But the areas thus opened have 
built up rapidly in population—the purchasing power and tastes 
of these people being similar to those in the eastern cities. This 
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called for return shipmeiitB ot j?oods in finished form, of types 
more expensive to* transport than the raw ma^rials whicli were 
moving east., The cost of handling was greater and the kind of 
freight cars required was differenlJfroni the kind used for cattle, 
grain, and ore. Return shipments in kind were not forthcoming, 
so that long trains of “empties” hayc been familiar sights on 
our roads in Jooth directions, furthermore, much of the raw 
material for the finished goods moving west could be moved more 
cheaply than could the goods themselves, constituting a motive 
for placing more manufacturing nearer the growing communities 
of the West. Thus started the westward stream of iron, cgke, 
leather, and baled textiles, there to be converted into goods for 
the market; while in similar measure cattle, wheat, corn, and 
ores were stopped in their eastward movement for manufacture 
at intermediate points. Thus decentralization was begun. 

One of the best illustrations of this process is afforded in the 
decision to establish a steel plant in the Duluth iron ore district, 
in this case the lake steamship lines acting in the place of the 
railroad. Fuel, the raw material parallel to ore in the iron blast 
furnace process, can be moved from the Pennsylvania fields to 
Duluth in the same boats that bring ore to the Pittsburgh fur¬ 
naces, reducing the extent to which those boats must return in 
ballast. The steel produced at the new plant is destined for the 
trade of the Northwest. 

The trend of adjustments in freight rates is toward the same 
result. A gradual breaking down of the rate system favoring 
the older established industrial centers is apparent. It may not 
be clear as yet what the final rate system will be, but one may 
venture the opinion that the trend is toward a combination of 
railway terminal and transfer charges, and distance of actual 
shipment. In several recent decisions of the Ifiterstate Com¬ 
merce (Commission the consideration of length of haul has been 
apparent. Because of the necessity of moving certain commodi¬ 
ties in bulk for long distances, under the conditions existing in a 
country of large «^xtent like the United States, where different 
sections have their own natural products that must move at low 
cost to population centers, it is not possible to change to a 
system based strictly on cost of service. However, in respect to 
the same commodity, moved over varying distances in different 
parts of the,country, there would seem to be good reason for 
taking account of the item of distance in a more specific way 
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than has been done in the paste As the* process of adjustment 
along this line continues there will be an fticrcased incentive 
toward production of articles *in 'their final marketing form at 
points favorable to distribulibn, especially when the materials 
employed move over the lon^ hauls at lower rates. 

It is a recognized fact, that in this countijv wc have been 
prodigal in regard to transportation. On the toij-mileage basis 
the amount per capita is higher than is necessary. This is due 
in part to accidents of climatei and toi)ography, but mainly to an 
unscientific distribution of industries. Thc.Wellington principle 
of minimuin combined cost of production and transportation is not 
being realized, even with the freight rate question in its pr(‘sent ’ 
status. The result is unnecessary congestion of traffic at certain 
seasons, and shortage of rolling stock at other tim(‘s. The cause 
is not so much th(i railroads in themselves as it. is the lack of a 
true industrial system. The remedy, when onc(‘ applic'd, will 

have further decentralization of industry as one of its elements. 

« 

Raw materials bind certain industries to locations at points 
at or near the source. It is impossible to conc(‘ivc of i)lants 
engaged in the production of cement, brick, tile, and other cera¬ 
mic commodities, located far from d(‘posits of limestone, shales, 
and clays. 

Sometimes it. is a secondary process material, such as fuel, that 
is the localizing factor. Process and the relative costs of trans¬ 
portation must be analyzed in settling the (question as to which 
factor prevails. Again, it may be a combination of material 
and power resources, as in the casc's of the laige i)ulp paper 
efiterprises which have been pushed back into the forests of the 
Nortlf on streams affording wat(?r pow(‘r. Foi- all such, economy 
in production ij3 the controlling consideration. 

The market is followed closely by another group of industries. 
For such it will be observed that the product is of a kind expen¬ 
sive to transport, whereas the raw materials ship readily on a low 
rate classification. Shoes and other leather goods are illustra¬ 
tions, as arc certain kinds of inctal manufactures. The combina¬ 
tion of transport facilities and market is exhibited clearly in the 
instance of the Standard Oil Company, whose refineries handling 
Mid-Continent crude oil arc distributed along its pipe line at such 
marketing centers as Kansa|5 City, St. Louis, and Chicago 
(Whiting). 



BASIC PRINCIPLES 


17 


Climatic conditions constitute another controlling influence. 
A case in point is the humid atmosphere of England andT of the 
Atlantic Coast states in its e^ect on the textile industry, some¬ 
times combined with cheap watei^power, as applied to the high- 
powered cotton spinning and weeing processes. While it is 
possible to control artificially such a*thjng as the moisture content 
of the atmospjierc within a plai^;, so that textile manufacturers 
need not always cling to a given region should other factors 
become prominent, still a natural condition such as this consti¬ 
tutes a marked advantage. 

Labor conditions determine in large measure the location pf a 
wide variety of activities. Whatever may have been the original 
caus('s, development in a region will give rise to a type of popula¬ 
tion that is adapted to service in that kind of factory. Some¬ 
times such adaptability of population is based on mental or 
social traits, sometimes on acquired skill, sometimes on national¬ 
ity. The class of work called for has a relation to this situation, 
and it must be recognized by the successful manager. In many 
respects this is the most compelling of all the influences that 
operate to determine the location of the more general types of 
industries. lie who locates his enterprise in opposition to. it must 
(‘xpcct to spend both capital and time in creating an environment. 

In the industrial field one frequently meets cases of successful 
enterprise's that seemingly violate all of the established prece¬ 
dents. One sometimes wonders how a plant ever happened in 
such a location. Such instances form a sort of oiisis in a desert of 
dry formalism. ITsually they are explained as the results of 
personality and determination of individuals who have seen «fit 
to go into business and have stuck to it. Sometimes tlvey are 
pure accident,s. But if the really successful ones jre carefully 
analyzed it is likely that a good reason for succeSs will be found, 
and very commonly this reason exists in the form of a marketing 
situation that, many have failed to appreciate. It is such a 
circumstance as this that gives encouragement to those who look 
forward to a more general development of manufacturing in all 
parts of the country. It. will require close and accurate examina¬ 
tion of the controlling factors, and then some courage. There is 
need of the developed mind, however, to insure that foolhardiness 
be not mistaken for courage. 

In every l^pcation problem thoKe must be made an inlclligenl 
analysis of the situation. The industrial expert can afford to 
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ncRloct nothing. Seemingly small thingfe may tip the balance 
for this or for thf.t location. The changing conditions of trans¬ 
portation are leading to newdevelopments. Rates on many 
commodities will never retuVJi to the old levels, and shifts in 
producing centers will result. The changing of basing points 
in our artificial system o^ adjusting, freight tariffs would mean 
many industrial readjustments^ The increasing significance of 
the food-producing power of the soil—the increasing burden on 
transportation coming from the need of carrying food to ever 
growing centers of population—all such matters are destined to 
bring about changes. The production engineer or manager 
cannot live to himself in his plant. Productfon is linked up with 
all these other elements. To know whaf, where, and.^ote to pro¬ 
duce is the full problem, and there are many variables and some 
unknowns involvt*d in the solution. 

PRODUCTION FACTORS 

W(^ may now group together the several factors whii^h have 
direct influence on the problem of production. In any analysis 
of conditions which bear upon the question which confronts any¬ 
one contemplating the .starting of an enterprise, certain things 
must be settled. Some pertain to local matters and some arc 
inhenmt in the nature of the business. To assure success, thc're 
must be found the best combination, which means compromise 
on some points in most cases. Knowledge of conditions in the 
territory and careful study are ru'ccssary. Under the following 
seven heads may be grouped these conditioning factors: 

1. * Market. 

2. Capital. 

3. MatcriaVs. 

4. Process, involving equipment. 

5. Labor. 

G. Power, availability and cost. 

7. Transportation facilities. 

Previous discussion has borne mainly on the question of loca¬ 
tion. It has been seen that each of these factors has a bearing on 
that, unless there be excepted capital and process. Even on 
these, local conditions may have some bearing. Banking houses 
may be friendly or unfriendly. As to process, such* a matter as 
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water supply, both as tb quality «aud quantity, may be of signifi¬ 
cance. Hence it may well happen that every; one of the? seven 
factors has its part in the sclecfiorf of the most favorable location. 

For economy in production, the^&mc statement may be made. 
The scale on which the business is to be conducted has a direct 
influence, and the extent of markot Remands and of available 
capital has weigTfit in determining this. Many an enterprise 
has found its way into the bankruptcy court because marketing 
conditions were not correctly estimated at the start, and many 
others have gone the same way because of insufficient capital. 
They arc business matters which some continue to think of as 
non-technical, but tjhey are so clo.sely bound up with the tech¬ 
nique of projiuction that separation is impossible. It is a distin¬ 
guishing mark of the new order of things when production experts 
.show ability to deal intelligently with them. 

The significance of these factors docs not end when questions 
of location and finance an* settled. They figure prominently 
in the design of the plant and in forming the'operating organiza¬ 
tion. Every establishment has its own peculiar setting, calling 
for speeializt'd treatnient bas(*d on the proi)erties of materials, 
it may be, or, in f)ther cast's, where standard materials are 
employed, based on the form of power l esources as affecting types 
of equipment and its arrangement in the plant. Such variations 
make the task of designing industrial plants one which is alive 
with interesting i)robl(tms and which pre.sents opportunities for 
the most talentt'd to exercise their powers. The selection of 
power equipment depends upon local conditions. Climate 
influences the need for heat, sometimes tipping the scales in 
favor of, or against, the choice of steam power generators in 
comparison with internal combustion engines or purchased electric 
power. Wat(*r supply may decide the question bc4we*en condens¬ 
ing and non-condensing engines. Prevailing atmospheric con¬ 
ditions may necessitate air washing and humidifying, or call 
for special care in the protection of employ’^ees. These, and many 
other elements, call for true plant designing as a condition for 
making economic production possible. 

Finally, in the operation of the plant the working organization 
is influenced by these factors. Conditions in the marketing area 
will determine methods of selling and so react on the sales force. 
The types of available labor will determine the emphasis to be 
given to traifiing and to welfare activities. If the location is in 
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a remote district affording littk) in the ^ay of homes and social 
advaiftagcs, the ,t)roblem has many aspects different from those 
in larger towns. The executiv^e staff must be selected with such 
matters in view. Policies as yO the use of surplus funds, building 
up of the plant, and reserves for depreciation and amortization 
depend upon such mattep as growth of market, permanency of 
supply of materials, or continued productivity of the soil where 
the business depends upon farm products, all of which influence 
the probable life of the enterprise. 

Operation is removed in certain respects from the earlier phases 
of the design and establishment of the enterprise. Given the 
plant, the internal factors govern. Successful administration 
consists in the effective control of those factors whjch represent 
the physical and human forces acting under the imposed condi¬ 
tions. How this control has developed into forms characteristic 
of modern industry is the subject of the next section. 


DEVELOPMENT OF THE ADMINISTRATIVE FUNCTIONS 


It is important here to observe the functions of the several 
agencies employed under the general designation of organization 
and management. It is through these agencies that economic 
results are obtained and the system maintained. To do this, 
one may best start Avith a simple one-man industry of domestic 
variety and trace its imaginary development to the fully organized 
plant. 

In the early stages of many machine-building companies one 
man performed all of the several functions. The machine, usually 
simple, was of his own design; he had built his shop and equipped 
it from his*o\Api or borrowed funds and attended to its upkeep; 
he selected and ordered the material; he performed the actual 
work of construction, perhaps with a few assistants who worked 
under his direct supervision and were personally interested in 
the finished machine; he kept his accounts himself, calculating 
costs and profits in the business; he attended to the selling of 
the product, this being accomplished mainly by the taking of 
orders from acquaintances or from jobbing houses. Ho thus 
held full control over the enterprise through this exercise of 
the six main functions in the producing activities, this control 
constitiiting the seventh function. 
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With the growth of \)usiness k became necessary to add to the 
working staff, and the other activities absorbed his time more 
and more fully. The supervision of the workers soon passed 
to an appointed foi'cman, and thTjfi to a superintendent of pro¬ 
duction, whence the function of opfration passed from the direct 
hand of the owner. This \Jepartntent has taken many forms in 
various plants, with numerous organized branches to take care 
of the problems arising in connection with the hiring, directing, 
and care of labor. With giowth and development, specialization 
became profitable and possible, while the individual worker 
became mori* and more' wid(‘ly separated from the finished artic^le 
as before not(*(l. • 

As the op(‘rating function passed from ilu; direct hand of the 
owner and the use of the plant became more formaliz(*d, problems 
of equipment increased. Buildings, iirocess machinery, power, 
heating, ligh\ing, sanitation, and other details demanded constant 
attention, and in time another djqiartment was formed to exercise 
the function which may be designated a^ that of equipment. 

Similarly, the progress of events made m'cessary the perfeiition 
of the product and the devising of n(‘W forms for wider applica¬ 
tion, so that designers with special training and experience were 
employed. This meant the separation of the function of derngn 
from the direct duties of tlu' owner. So with tlu* functions lif 
accounting, purchasing, and selling, until the owner and original 
performer of all vital parts of the work found himself divested 
of the several burdens of direct responsibility calling for specializa¬ 
tion in action, but retaining the one function of management or 
cotUrol over the business as a whole. , 

While every enterprise may not have an organization, w'hich 
conforms to the exact outline luue given in respect to,the creation 
of separate departments, all on a common level of authority under 
the general management, these six are the functions whi(ih must 
be performed effectively in every plant wdiich does })usin(>ss on a 
scale which warrants a rating in the commercial world. Mere 
size is not the criterion, but if th(!se elements are recognizcil and 
operations made to conform in general to such a plan, then the 
modern factory system may be said to obtain. 

This list of functions to be exercised in the conduct of opera¬ 
tions by a producing company is the basis of organization. 
Enumerating them more ncarljr in the order of treatment, 
although nol necessarily in the order of importance, they are 
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management or control, design, equipment] operation, purchasing 
or material, sales, - &Tid accounting or 'comparison. In respect to 
complexity of the task, as weir'asln touching the vital element 
in the factory systenl, operation is the most significant. During 
the period of marked advancement in tlu; physical aspects of 
industry, up to the opening years of the pn'sent (lentury, opera¬ 
tion was given comparatively little scientific, stiufy, but at present 
its more perfect dev(‘lopment constitutes a l(‘ading part in the 
work of the industrial engineer. In th(‘ chaptei- on organization 
the seven functions will be taken as a basis, and types of develof)- 
ment adapted to different branches of industry worked out in 
detail. • * 


CLASSIFICATION OF INDUSTRIES 


Manufactures Classified as to Character of Pjoduct. —For 

many purposes, it is convenient to employ the classification 
adopted by the United States C'ensus Bureau. C'ensus reports 
give much data that are of value, even though subj(‘ct to many 
errors because of variations in gathering information on the 
many separate enterprises. I’lie published figure's are averages 
covering a wide range of conditions, and tluM-e'in lies their signifi¬ 
cance, as well as an indication of the manner in which they should 
be used. Attempts to use' them in elire'cl apiilication to individ¬ 
ual concerns are attended with doubt as to reliability, so that 
the'y must not be take'ii as infallible guieles, but when used in a 
sane and conservative; manner as gene'i’al indications of the 
e;onditions under which operations may proe'eed, tlie'V are* of 
SCI vice. Such usage' presupposes an ae-eieirnpanying stuely of 
local condititins. 

In Uhapte^r II there is given the result of an analysis of ('e'lisus 
data for 50 representative inelustrie'S, in the form of a table 
showing relative values of the dominant faedeirs which enter 
into plant operations. The complete discussion given there 
makes further comment at this point unnecessary. 


Manufactures Classified as to Treatment of Material. —Impor¬ 
tant differences exist in this regard, their effects being felt in the 
design of the physical plant in respect to such matters as providing 
for storage of materials in the raw, partly finisht'd, or fini.shcd 
states; for shipping facilities inland out, and local transportation; 
arrangement of process equipment; and organization of the 
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working force. The distincti&n§ are not sharply drawn, but it is 
of some value to rpcognize the three folio wing ^groups: * 

1. Analytical industries. 

2. Synthetical industries. 

3. Neutral or conditional induAries. 

The first type i^i represented by any business which uses a single 
raw material ,to f)roduce an article which possesses properties 
markedly different from the original, so that the process is not 
simply one of concentration or separation. Process materials 
may la; employed in various ways, but the product in its final 
form (iontains only the one kind of substance, or some part 
thereof. Naturally, there may be sc'veral products derived from 
a single raw material. Illustrations of this type are found in the 
sinipl(T textile mills, where tlu^ process ends with spinning or 
simple weaving; meat i)acking; sugar refining; lumlier mills; wire 
mills; petrolmim refining; flour mills; salt manufacturing by 
the evaporative process; and ice manufacturing. 

The second type is n^presented when two or mon* materials are 
treated and combined to form the finished product. This maybe 
done simultaiKKiusly, by consecutive steps, or by concurrent 
treatment of materials which ai’o aftei’ward united or assembled. 
In the first of these divisions come blast furnaces, paint and man^y 
other chemical works, dye works, clay products, glass, cement, 
canning and pr(^serving, etc. In the second and third divisions, 
l)(‘,tween which it is not always possible to distinguish, and to do 
which is really unnecessary, come many of the more complex tex¬ 
tile industries, including tin? manufacturing of hats; leather and 
leath(>r goods of all kinds; paper; and an immense variety ftf 
industries in metal and wood, and all conceivable combinations 
of those materials in salable articles; and includifig also the 
erection of structures of all kinds. 

In the third group come the industries described as being: 

a. Locative, when matter is simply moved, as in the business 
of transportation companies. 

b. Concent rativc, when material is separated from impurities, 
as in the coi'cimtrating of ores, rice cleaning and polishing, etc. 

c. Purely conditional, as in district heating and refrigerating 
enterprises. 

Industries Grouped as to Dominant Factors. —In the business 
of producing and marketing maniffactured goods, there are two 
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requisites necessary to success. .These arc quality of goods and 
econorfiy in the various processes. All of the ipany factors which 
go to make the successful enteiprise are but variations or parts 
of one or the other df these. 

Before proceeding to discutn'the different elementary factors in 
detail, it is well to ol)seTve thg-t a more or less definite grouping of 
the different industries may be madethere bein^ in each group a 
common principle which has (fiivelopod in practice and which 
is plainly influential in the attainment of the two (jssentials — 
(piality and economy. In referring to these essentials the word 
“design” will be used in the sense of deterrnining the character 
of the product, or quality, and the three factors, quantity of 
output, equipment, and operation, all bearing upon economy, 
w'ill be employed to indicate that requirement. Tliis grouping 
will thus touch closely the questions of process and of organiza¬ 
tion and will serve as an introduction to the later sections in 
which those two factors are dealt with in much greater detail as 
regards a f(*w selected industries. This brief survey will serve 
the purpose of bringing attemtion to certain facts regarding 
methods and i)ractices in many of the lines of manufacturing, 
some knowledges of which is essential to an intelligent discussion 
of the production factors listed in the preceding section. Fns- 
(IMcntly it is conve^nient to separate the complete industries into 
component parts, wh(*n the parts represent proesesses which are 
carried on independently, often forming distinct enterprises. 

The leading factor in this grouping is the character of product, 
in the sense of quality. 

Group ].—This includes those industries in which character of 
product is determined almost wholly by the raw mat(irial 
employed, the process doing little to change the fundamental 
nature of tfic material. Two subgroups should be recognized: 

а. Those in which improved equipment is mainly for the 
purpose of bettering the qualit.y of the out.put. 

б. Those in which improved equipment is mainly for the 
purpose* of lowering cost. 

Naturally, most of these industries are of the analytical type, 
usually with but a single product coming direct from the single 
raw material. Equipment is employed always, but it is of a 
standardized form to suit the comparatively simple process, or 
else is of a oure labor-saving? character for transimrtation pur- 
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poses. Operation is emphasized, it being largely the perfofmance 
of routine duties. Standards of qiiality are set by superintendent 
or foreman, either by adjustment •of machiifcry or by occasional 
sampling and testing of product, «,nd in most cases but little 
responsibility of this kind rests upon the working operative. 
As a rule the nudibcr of worlcers is small in proportion to product. 
The quantity ftf output depends Hirgely upon the plant considered 
as a unit, rather than upon the individual worker or individual 
items of equipment. Great care is necessary in the selection 
of purchased raw ma'terial. 

The following incfusiri(‘s may Ije classed in this group: 

a. Flour and grist milling, for ihc' standard products. 

(\)tton, woolen, and silk textile mills, for the processes up 
to th(‘ end of spinning and drawing. Separate plants for 
the producticui of yarn are numerous. 

h. Slaughtering and meat packing for the standard products. 

Lumber mills producing usual stock luud)er. 

Natural cement plants. 

Rice cleaning and polishing plants. 

Raw sugar mills. 

Salt manufacturing. 

Ganning and preserving for .standard ])rodiicts. 


(houp 2.—This includes industries in which character of 
product depends more directly than is true in Group 1 upon the 
e(^uiJ)ment i*mploy(‘d. 'J’iie character of the raw material is nt)t 
changed in any chemical or fundamental sense, but the pPoduct 
is worked into more complex forms and in most cages two or more 
raw materials an' combined, although these materials may be of 
the same basic character, as in the case of the warp and filler in 
the weaving of cloth. 

Equipment, of course, is of special importance, affecting both 
(iuality and (luantity of product. Increased output may be 
effected by attention to individual equipment units as well as 
by complete plant development, and this involves the special 
training of machine operators and other workers. Thus the 
management functions fiertaining to operation and equipment 
receive atterrtion in about equifl measure. The number of 
workers remains comparatively small in proportion to product. 
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TheJ following may be classed in this group 

The more complete textiic •“mills for weaving of cotton, 
woolen, and* silk cloth, including mills 'for comj)l(d.e 
treatment of rnat(M-iakfroin raw state. 

Knit goods. 

('ordage and twine plants. 

Carpet and rug weaving. ^ 

Milling of special cereals, breakfast foods, etc,. 

Boot and shoe factories, in both leather and rubber. 

Paper bags, boxc.s, etc., separate from pa])ei‘ mills. 

Wall paper factories. 

Standard forms of hardware and sheet metal, wher(' ulc'nsils 
are formed in presses and stamjis, including nail and wiri^ 
mills. 

Special w'ood novelties, spool mills, toothpicks, match(“s, etc. 

Ice manufacturing. 

Concentrating and reducing mills for treatment of nu'tal ores. 

Bubber tires for vehich’s. 

Public utiliti(‘s, including transportation, light and power, 
and telegraph and telej)hone. 

,,Grou2) 3.—This includes the great variety of industries in which 
character of product depends upon the process. Paw materials 
of proper kinds and (jualitJes are assumed, of course, but, in 
general, these products are determined by th(5 i)rocess, the same 
materials being susceptible to working into diffen'iit artichis. 
In most cases extensive equipment is employed, affecting both 
quality and quantity of output, it being mainly of spt'ciali/.ed 
forms' adapted to the process. This last element touches the 
most signifi'carvt point of differencie between Croups 3 and 4, the 
latter including those industries in which standaid (‘quii)ment is 
employed and adapted by the workers to tin; production of varied 
articles. 

These industries call for staffs of experts and trained work(“rs 
giving special attention to quality as well as form of product, 
and also to the specialized equipment. In many cases this 
special treatment extends to types and form of construction of 
buildings in order to adapt them to tVie equipment or to facilitate 
the movement of material, or both, as is noticeable in sugar 
refineries and leather tanneries*. Hence the organization element 
of design, in its^ broadest sense, comes to the front alongside, if 
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not ahead, of equipment and operation. As a rule the enterprises 
require large capital investnjpnts, and the gfmeral function of 
management, or control presents .ynportant and comprehensive 
problems. For most of them, ho\)jever, the products are few in 
type, often of a single variety, so that accounting problems as to 
unit cost of ouijaut are c-onqiarativcly* simple. The same is true 
as to vari(>ti{»j of purchased material, but the cjuality of that 
material is an important consideration. The numlicr of workers 
generally is grc'atcr than in the preceding groups, and sociologicial 
questions in adjusting the conditions for labor enter into the 
jiroblern of operation. The training of operatives must bear 
upon the nat ure of the product, as well as upon the use of equip¬ 
ment, alt.hftiigh the proportion of highly skilled workers to the 
total is not great wh(*n compared to CJrf)up 4. 

The following may be classed in this group, many having a 
chemical basis: 


M<'at packing and curing. 
Sugar refining. 

('onf('ctionery. 

Hakery products. 

Dairy products. 

(llucose and starch. 

Feather tanning. 

Soap manufacturing. 

Liquors and bev(*rages. 

Oil refining. 

Paper and wood ])ulp, and 
special products of th(> same. 
Portland cement. 

Brick and tile plants. 

Glass manufacturing. 

Lime kilns. 


Zinc and copper smelting. 
Paint and varnish plants. 
Turpentine and rosin plants. 
(Viide rubber plants. • 
Fxplosives. 

Photographic supplies. 
Ghemicals, in genei’al. 

Blast, furnaces. 

Foundry products in all 
metals. 

St.e(d and rolling mills. 

Tin plat(‘ and tern plate* mills. 
Hat and cap fact.o«i(*s. 

Print and dye works. 

Oilcloth and linoleum factor¬ 
ies. 


(jroiip 4.— This includi's those industries in which the character 
of the jnoduct depends upon labor combined wdth process. It 
is labor applieul to fabrication, and the proeiess is almost purely 
I>hysical rather than chemical. It differs from Group 2 in that 
the worker dominates eeiuipmcnt instead of equipment dominat¬ 
ing the worker. Labor determinoe both quality and quantity of 
output in most cases. 



28 


MANAGEMENT ENGIUEERJNG 


All |of the industries are synthetical, employing several 
materials, usually*, and produciiig^a variety of products. All of 
the s(?vcn functions qf managf^pent are fully developed: manage¬ 
ment or control with its general problems; design, applied almost 
cntindy to the product; equipment, involving mainly the selection 
and cai’e of standard inactiin(;ry, problems of transportation of 
material, and power; operation in its highest form»as regards the 
personality, training, coordination, and can; of workers; purchas¬ 
ing, storage, and distribution of material in most complex form; 
accounting in most elaborate form by reason of the varied product.; 
salec, in many industries involving extensive organization in 
widely scattered territory. 

The following may be classed in this group; 


Leather goods, l)elting, and 
novelties. 

'I'obaceo goods. 

Furniture. • 

(lloves and mittens (leather). 
JVTusical instruments. 

Printing and publi.shing. 
(’lot.hing and furnishings for 
• men and women. 

J(‘welrv and precious stom's. 
Cl()ck and watch making. 


Toys, games, dolls, (“t c. 

Prooms and brushes. 
Professional instruments. 
Firearms and ammvmition. 
Locomotive' and car shops. 
Shipbuilding. 

flemeral Jiiachineiy and ma¬ 
chine shop products. 

^'ehicl('s, including aut.omobiles, 
bicycles, carriages, etc. 


I'lie classification of industries into these' four grenips is not 
presumed to be' a hard anei fast one. The elorninant element as 
t.e» characte'r e)f proeluct may not always accorel, in indivielual 
cases,'With jnae'tife's based upon human juelgme'nt or ui)e)n 
special i)ee;iiliarities in material. Preigress is taking place* in 
all lines, and in some cases devele)pment in prewess may be faster 
than that in e'quipment, anel in edher erases the reverse is true^. 
Process anel the equipment fe)r it are continually supe*rsceling 
labor. The* main purpose in such a grouping is to call attention 
to the fact that promote'rs, oi ganize'rs, anelmanage;rsof enterprises 
must recognize the eliffe'rence's which e'xist. Manufacturing is 
ne)t a haphazarei game of chance to be le'arneel after money has 
been invested and operation, probably at a loss, begun. It is a 
science', with a definite basis in fundamental principles. The* 
science is not mastered when the business man. unde^rstands 
investments and currency. It is not mastered when the tech- 
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nical engineer undeptands design and equipment, or the cljemist 
the process. It is not mastered, when the wandering theorist 
devises operating instruction carc^^ and cost-accounting forms 
and imagines himself a scientific managing expert. It is not 
mastered when markets are found.^ It is mastered only when 
all of the factors«are unders^tood anti Applied in a manner which 
is in keeping w*th the universal la*vs of economics and humanity; 
when it is understood that those factors boar in all enterprises but 
with differing intensiiy and that the trul.y important requirement 
is to understand the relative weights for the enterprise at hand. 
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ANALYSIS OF PRODUCTION FACfORS 


In the first chaptc'r sev(‘n initnary j)roducti()n factors were 
rnentioiK'd. They represent as many influences of the physical 
sort, which set the conditions for an enlerprise. No organized 
industry exists that does not have soinetliing io do with every oik' 
of thes(‘ factors. I’or every such industiy there* is a special 
combination that represents maximum efficiency, wherein each 
factor is in proper relation to every other. It. is the province of 
industrial jflanl design to analyze and compaie, thus to find the 
proper relation, an,d then to create the physical plant that will 
enable effi'ctive manageiiK'nt to realize the possibilities in full 
measure. 


Some of the.se factors are cai)able of expres.sion in numerical 
terms,.and tla'iefore of din'ct compari.son. The several concerns 
engag(‘d in th(‘ j)r()duction of any given article may Ijc expected 
to show similar n*.suits in such comjiari.son, barring accidents 
peculiar to some localities. Thus it is that capital, cost of mater¬ 
ials, labor, and power arc' related ciuantitatively in any single 
industry. What this relationshi[) is, is shown in the following 
pages for fifty tyj)ical bi anchc's. In any one industry t he process 
is approximat.ely uniform, save as imj)roved ]n-oduction methods 
may ‘bring about diirc'rencc's. The scale of oju'rations is an 
index of swell improvements, setting possible* standards in the* 
way of speciafization and mass production. With an available 
basis of comparison which repicsents average conditions, the 
plant designer has a check on his accomplishments in improving 
operating conditions in his individual plant. 

The market and transiiortation facilities arc* (‘xtcrnal factors. 
The latter have been dealt with already in th(*ir g(*neral bearing 
on indu.strial devedopment and will not. be cronsidered furth(*r 
now. It is understood that the means for the? rnovcmient of mate¬ 


rial into and through the plant are included in caiuipmcnt. Switch¬ 
ing and yard facilities to comicct the plant with .railroad lines 
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are items readily adjusted, although sometime^presenting prob¬ 
lems of some magnitude. If it be taken for gianted that the 
designer proceeds wisedy in placing his builflings with reference 
to existing lines, then the arranging •>! shipping facilities b(‘(!omes 
a matter of detail planning. « ^ 

The market i^what makes or bnsaks many industries. Its 
importance is Inch that its stutl;f becomes the primary element 
in plant design, and it is made the principal topic of the next 
chapter. If market justifi(!s a plant at all, and if we assume the 
wit and personalit y to' organize and manage, then we may proceed 
to analyze th(' problems of capital, material, labor, and power on 
a money basis, if we know enough about i)i()eess to (uiable us to 
ex('rcisc judgment. 

Industrial (mlerprises, in gi'iieral, are start('d according to one 
oi‘ the oth(“r of two plans. Tlui one is found when tlu* jdant is an 
outgrow'th of an older concern, having b(‘hind it the accumulated 
experience of y(‘ars of opi'iation. The new*establishment may 
be planned to n'plaee the old(‘r. or it may be a bjaneh to care for 
market demands in new^ t.ei rilory. For such a case, the ixdations 
of capital to the othei’ intc'inal factors are callable of determina¬ 
tion at onc(‘, with such modifications as the newer desijin may 
offer in th(‘ (‘ver picsent attempt to improve upon conditions. 
C'ommonly, the n«‘W f)lant will bi' built complete as to siz(^ and 
capacity, and in it the engineer will have the opportunity to 
realize at onec* on his skill as a designer. 

The other jUan followed is w'hen an entirely new enterprise is 
to b(5 created. I'sually, this means starting on a small scale, 
wit,h arrangements for future growth to be provided. The 
probkmi here is more difficvilt than in the former case, since the 
initial construction must, be made reasonably effc^'tive, while at 
t he same time the conipleted i)lan is to be kej)t in mind. The time 
has gone by wdien businesses may be built up bj" the haphazard 
methods of simply adding buildings and (>(iuipment in kind to 
small initial plants. The advantages to be gained from quantity 
production in the full-sized plant of the future must be foreseen. 
The small buildings of the first plant must be adapted to exten¬ 
sions that are to come, and equipment must, be selected and 
arranged in accordance therewith. It is to the designer entrusted 
with this task, possibly in a field with which he may be in a 
measure unacquainted, that the‘data to be outlined in this 
chapter may be most valuable. 
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I 

(NUMERICAL ANALYSIS OF THE INTERNAL FACTORS 

t 

Capital, cost of materials,* miiiiber of, and wages paid to, 
employees, and po^er demAlids and cost are the ‘elements to be 
considered. They are the‘true factors affecting the internal 
operations of the prodmjing plant, where process rules. What 
the designer needs to do is to gain an adequate idea of the cost 
of production in advancie, of investment; or, at least, to estimate 
the operating income and expenditures involved in the operation 
of the plant. To do this he must draw upon the experiences of 
many lik(‘ enterprises, modifying, where desirable, in accordance 
with judgment based on knowledge of conditions. 

For such an analysis the value of product stands as tlui gross 
income, the first outlay being for raw materials. Between these 
two quantities wc find at onct* a great variation in relative magni¬ 
tude. In certain industries the ineic'ase in value of the material 
is small; in others it is large. In fact, the industrhis differ so 
radically in this resfx)ect that the value of j)roducl turned out by 
an enter})rise cannot be accepted as a nu'jisure of the significanc(‘ 
of that enterprise as an industrial element in the community. 
It is increase in value, commonly refiTicd to as “added value*,” 
that is'the truer measure'. 

• Adeie'd value, therefore, calls fejr careful consuleratie)n. I^y it 
we meian the value create'd by the manufacturing process, plus 
possible increments to value coining frenn marketing conditions. 
The latter is an adjunct to Ihe^ fabrie:atiou of the material intei 
the finished article and hcne;e is itse'lf directly traceable to the 
process. The added value is wealth produced, and hence is 
tlie measure of impiortance of an industry in a town. From this 
portion of its receipts a company must pay its labor, make returns 
on capital, *paj' power costs and sales expenses, and build up its 
reserves for depreciation and all contingencies of operation— 
in short, run its business in every line except paying those* who 
have started production by furnishing the* raw materials. 

It is clear that these materials thus eliminated from operating 
problems must include those which actually emter into the 
finished article or are strictly process materials, like certain 
chemicals, that affect the constituent material as to character 
and thus produce the qualities which give value* to the product. 
Unfortunately, the U. iS. Census Bureau has included with 
materials all kinds of supplies that are purchased, including fuel 
for power as wqll as for direct process. This makes difficult the 



ANALYHI^ OF^ PRODUCTION FACTORS 33 

use of most valuable ds well *a? the most available statistical 
data. • ■ , * 

In the following analysis of o(yre.i)resentative industries, figures 
from the Census of 1910 are used. fTf course !he absolute values 
have changed radically in 14 years, b?it the primary object of this 
analysis is to show relative value's, wfijeh have not changed so 
much, and mcl^ods of procedure. It is not probable that the 
order in which the industries appear in the list has changed very 
much, unless by reason of temporary violent fluctuations in 
prices that would be out of adjustment with wage scales. As a 
matter of fact, it is safer probably to use these quantities for this 
special purpose than "to use the 1920 reports, which are in reality 
the figures fqr 1919, and which show industrial conditions at the 
most abnormal stage in an abnormal period. 

In using these Census reports the item “added value” has becui 
corrected for fuel and supplies incident to power. That is, 
there has lieen deducted from cost of materials a ci'rtain amount 
representing power fuel and supplies, which*rneans adding the 
same to the addl'd value. Tlu' corri'iition is deti'rrained as follows: 

Th(' t^'iisiis shows flower firoduced by heat engines and total 
fuel purchased for power and process combined. A list of 26 
industries was selected in which no proce.ss fuel is employed except 
in a nominal way for forging and foundry purposes, where those 
processes are incidental. From this, two average figures were 
calculated for fuel per horsepower per year, one for industries 
where large establishments ari' the rule, and one for those wherein 
small «stablishments prevail. At a uniform price of $2.50 per ton 
tlii^se two figures are Sl().20 and $19.70 respectively. The 
amounts of coal correspond to 4.4 and 5.28 lb. fier horsepower 
hour. To each figuri' for coal, $6 is added to cover cost of water, 
lubricants, packing and miscellaneous supplies, and repair parts 
and materials, giving $22.60 and $25.70 per year as the cost 
tier horsepower of commodities that are included with materials 
in the Cens\is. Thes(' av('rage figures are then multiplied back 
into horsepower for all of the industries, in each case according 
as large or small establishments prevail, and the correction 
applied to the added value. For industries like wood pulp and 
paper, and cotton milling, which use large amounts of water 
power, a further correction might be made to cover the repair 
materials used on the watei- equipment, but it is a refinenu'nt 
that is hardly necessary. 
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The accompanying table shawls nian}^ significant facts which 
shoulti be given careful attention. • The industries are listed in 
the order of their added valufcs per thousand of actual value of 
products. The rahge is Surprising. For the same value of 
finished goods, the last industry on the list creat es more than nine 
times as much wealth a^s docs the first one. It employs nin(5 
times as many people, uses twice as much capA-al^ twice as much 
power, and puts tem timt's as fnuch wage money into circulation 
in the town. Or take the two largest industries, meat packing 
and general metal manufactures. For the same value of output, 
the latter creab's four and a lialf times as much wealth, (“inploys 
five and a third times as many p('opl<‘, and puts six and a third 
times as much w’age money into circulation as dot‘,s th(‘ former. 
When capitalistic owners make th(‘ statement., as they sometimes 
do, that their profits amount to only, say, 3% on their total 
sales, that means a profit of M).7% on ca])ital inv('sted for the 
meat packer and only 2.44^;, for the rnotal goods manufactur(*r. 

The third colukin figim's indicate, therefore, the relative 
desirability of industries as community assets, modified by the 
figunis in the labor and wage eolumns, so long as ])eople continue 
to measure operations by the (‘.\tent of gross sales. Naturally 
the ceramic industries, brick, tile, pottery, and cement, stand 
high in the list, since th(‘ir mat (‘rials have little value until used 
in the process. C'ane sugai’ refining, on th(‘ other hand, uses as 
raw material the finished i)roduct of another complet(‘ industry. 
Many such instances may b(^ observed in th(* list, but there is no 
purpose in stressing the point. Tin? striking dilhuenees that 
exist are to be noted for what they signify, and that is that the 
production manager must understand and deal with tin; n'lative 
values for his business. 

In order* tli;ii.t we may really compani the dominating factors, 
capital, labor, power- all within the control of the manager - 
it is clear from the preceding discussion that the widely varying 
element of raw mat,(‘rials must bo eliminated. This is done by 
using added value as a basis, instead of value of product. 
Beyond the third column of the table, therefore, quantities arc 
based on the unit of .Si ,000 added value. With that as a basis, 
every industry stands on its own feet.. Value is created—one 
thousand dollars’ worth. How much capital is required? 
How much pow(n‘* How many employees? The thousand 
dollars must cov( r returns fo’r these three, and also provide for 
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contingent and dcpreciiition reserves, meet all sales expenses 
other than personal service, as well as all miscellaneous expenses, 
such as insurance, taxes, and rtmt', and supply any profit over 
the basic return of (5%. It should II»V noted in passing that 6% 
return on the figun* carried as capitSl is actually equivalent to 
8% or more on net stock inv(?stineRts^ As here used, capital 
is the total of fi^ll values of property, including stocks on hand, 
current cash, etc. Many (^f the larger concerns have much of 
this in the form of bonds at favorable interest rates, and all carry 
an appreciable amount as accounts payable; but drawing no inter¬ 
est. at all. 

Baseel on added varhu*, these tluee sets of tigures on power, 
labor, and cjj.pital rcpr(‘sent., for the several industries, true 
variations incident, to the processes. No geuicral trend of differ¬ 
ence is perceptible, as was the case w’ith materials, but marked 
differences appear. Tli(‘rc are a few distinctiv(dy high-power 
industries, notably blast furnaces, paper, and cement. The 
figures, .i!!22.{)() anti $25.70, for powtu- cost for*largc- and small- 
establishnient industries are used here to convert horsepower 
to cost. These art* excessive for blast furnace work and wood 
I)ulp juiper plants, wht're the former ust's waste gases for fuel 
and the latter tist's water power, and this fact exidains the low 
margin indicated in the last column. 

For labor, highly dt'veloped machint; and chemical process 
industrit's sht)W small charges. Idle smallest one is beet sugar, 
(;an(‘ sugar being dost; behind. Here the process etiuipnitmt is 
(;laborat(‘, with material handling d(;vices well developed, as is 
true also of blast, furnace's. ITosie'i y and knit goods carry the , 
largest nunil)er of ('inployee's, but with a veiy low per einjdoyeo 
wage- $384 p(‘r yt'ar. ()th(*r industries employing woiiK'n and 
childr(;n show’ up here wdth a low w’age, such as cotto». goods wnth 
$380, canning and pi-eserving (seasonal industry) $384, tobacco 
goods $438, buttt)ns $448. liuhistrics employing skilled workers 
on specialized articles, like cash registers, typewjiters, and emery 
wheels, have a modc'iate t.otal w'age; but a high wage per 
(;mployee. 

For capital, the highly d(;veloped processes, such as for blast 
furnaces, cement, and sugar, call for high investments. Leather 
tanning is an example of the way in which the procc.ss serves to 
run up investments through the keeping of large quantities of 
stock under treatment, the investment being in material rather 
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than equipment. Men’s clothing and tobacco goods stand at the 
])ottoTn of the list, and likewise crjo> a generous margin. 

The manufacturiLg margin, is the sum remaining from the 
$1,000 after paying for po^^er, labor, and the 6% return on 
capital. vSp(‘cial comment is unnecessaiy. It is not to be 
interpreted too literally as an indication of a profitable or 
unprofitable business, since theie are many qualifying conditions 
to be considered, as noted in a preceding paragraph. Detailed 
studies of operating expenses are necessary, illustrations of which 
are given in C^hai)ter IV, before <lrawing conclusions as to the 
financial situation. What this analysis does show are the relative 
influence's of power, labor, and capital in the selected industries, 
and, in the first part, the infiiience of raw and proce^ss materials 
on the relative magnitude's e)f ea-eate'el value' and total value of 
the ijrcKluct of an industrial enterprise. 

HOW TO USE THE TABLE VALUES 

Any one e;e)nce'rned with the organization of a new entcirprise 
will finel it profitable to check his estimate's by these re'lative 
figures', but this must be eloiu' with a full re-cognition of their 
e;haracter anel origin. The'y are' ave'rages of a large* number of 
establisheel plants. In seve'jal cases, such as for fe)unelry anei 
machine shop prodiu'ts, the^ e'litrv in the table' is an average fen- 
many eliffere'nt. varie'ties of products. Each indivielual plant 
has its own peculiarities, anel the one that is being planne*d new 
must be expecteei to vary bom the average. Ivanel value's, builel- 
ifig costs, anel other local fae*te)rs will enter into the estimateis and 
make? inve;stments larger e)r smaller. No set rule can be applied 
without an*aniple^ ai)plicatie>n of ge)od sense anel adequate knowl¬ 
edge of the special conditions. 

Preliminary work on an enteri)rise is e;arrieel on with regarel to 
the extent of t he expected business. One must have a definite idea 
of how large a scale he will operate em. 'i’his will be expressed 
in terms of the output in quantity and value if the market 
has been studied, provided the article has limited sale possi¬ 
bilities. This phase of the question is the leading topic of the 
next chapter. Wil-h value of goods produced fixed upon as the 
leading item, simple percentage calculations will give the added 
value, number of ernployeos, power requirements, and the 
approximate capital. In this it will be kept in mind that this 
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figure for capital is taken as defined by the U. S. Census Bureau, 
including all visible property^ sijch as stocks •on hand and in 
process. Ths^t is, it includes oper^ing capital as well as initial 
investments, part of which may be^expected to be ac.cumulatcd 
gradually through the application of earnings to the building up 
of the plant. Allowances ior this wfll be made acc^ording to 
judgment. ' • 

If the goods to be manufactured have sale possibilities that 
are beyond expected producing capacity, then the size of the 
plant may be determined by the amount of available capital. 
After adding to the sum available a safe allowance for the addi¬ 
tions to plant tliat may be expected to accrue as operation pro¬ 
ceeds for a ftnv j^c'ars, on the basis suggest(^d in the last paragraph, 
the sum corresponding to capital as used in the table is secured. 
This is then divided by the capital reference figure to convert 
to added value, and the other factors cahjulated as before. 

A similar calculation is made should the projected plant be 
based on the number of employees. While this is more unlikely 
t.o be the basis for estimating plant capacity, still it is a possible 
method of arriving at an (‘stimate, and under some circumstances 
might be used. 

Exercises for Class Use 

1. A com-eru mamifacluririK trunks, suitensos, b.ags, and a line of mis¬ 
cellaneous leather goods does an average annual business of $200,000 in 
gross value of product. Assuming present prices to be 110% higher than in 
1010, reduce to the corresponding value, and find each of the other ijuantities 
included in the table. 

2. A wholesale dry goods firm decides to start making men's overalls, A» 
estimate shows that about SO women workers would bt' availabje in 
the town. Five men would also be emiiloyed. Find from the table the 
capital, power, and value of goods jiroduced. C’onvert valuta of ^iroduet and 
wages to present standards on assuin|)tion that finished goods are 30% and 
wages 40% higher than in '1910. 

3. An agricultural iiniilement firm decides to establish a branch plant in a 
western town, investing therein $300,000. The coirifiany is able to provide 
working material on terms such that cajiital, as used in the fable, may be 
taken at the full amount. That is, by reason of its standing .and prestige 
this company can do as much with $300,000 as ,an indcjiendent concern 
could have done in 1910. iSolve for number of employees, power demand, 
and value of product, converting the last item to present value on the b.asis 
of an advance of 45 % in jirices. 

4. Refer again to the data in Exercise 1. Use the values there found for 
capital, number of employees, and horsejJower, but add 20% to capital to 
allow for difference in cost of plant, in excess of costs in 1910. 
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Assutsic the following list of capital Items: 

Land and bufidings. , . $30,000 

Equipment. j. * 45,000 

Material in stock and process 20,000 

Finished goods on hand . 20,000 

lialance in cash and miscellaneous properly. 

• j 

Work out a statement of operating costs on the followinj|;; jilan: 

Annual gross income from sales, $500,000. 

Materials, 40 % above amount from table. (This covers supjilies, replace¬ 
ments of small tools, and miscidlaneous.) 

Labor—wages on basis of 2 men at $175 per mqnth; (» at GO cts. per hr.; 
IG at 30 cts.; 8 at 25 cts.; balance at 40 cts.; for average of 2,400 hr. per yr. 
Power at $35 per horsepower per year. ■ 

Hepairs and maintenance, 2 % of value of etpiijnuent. 

Insurance, 1 on [iroperty items above. 

Taxe.s, 2',' on two-thirds of same property items. 

Depreciation, 2% on buildings; 5% on eipiipmenl. 

Find the balance available for return on investment, and work out a new 
set of table values rcjiresenting pre.sent conditions. 
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PRELIMINARY DESIGN 

The successful enterprise, as it is pluiiiiod and established 
under present-day conditions, do(‘s not become so by accident. 
Every step in the process of design must be taken with care and 
with consideration Df the relative impoi’tanc(j of the several 
conditions u^hich will bear upon it. Design rnusl be interpreted 
always as being the process of determining the character of the 
product. Designing a plant includes, therefore, all of the deci¬ 
sions lhat ai e made respecting class and type of artick't o be manu¬ 
factured; the marketing territory with its nec'ds, pundiasing 
p<)W(‘r, buying habits, and avema^s for distri^)ution; the type of 
sales syst(‘m to be employed; the location of the producing plant; 
meeting of competitors; adjustment of transportation questions 
with the carrieis; purchasing or development of materials; general 
power system to be.' emple)yed; tyjics anel abilities of available 
labe)r; and all edhei' matteTs which may influence the character of 
the plant that is to be built. The later ele*sign e)f the physical 
plant consists in the fixing of the me*ans fe)r carrying out the 
major jjlan that is evolved by the preliminary stuelics. 

The market is the first consideration, neiw being considered in 
its ge'iie'ial aspe'cts without special thought as to location of thg 
plant. Tlu? motive prompting the determination to engage in 
the busiiK'ss may be any one of a score of influences, byt if a man 
has decidi'd to ('liter upon the manufacture of a commodity, he 
must be sure' of disposing of his product. The first t hing to do is 
to decide what market he will cater to. 'J'he second is how to 
(levc'lop it. The third is to st udj't he refl(‘x ('fleet which the market 
will have upon the (diaracti'r of the commodity itself, upon the 
size and location of his plant, and the form of his organization. 

SELECTION OF A MARKET 

For some kinds of product, the kind of market is perfectly 
obvious. One produces locomotives for railroads; automo¬ 
biles for highway traffic; dyes for the textile industries; beet 
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sugar “for domctjtic consumption. Whercve^' there are people 
and traffic needs, and demands for clothing and food, there is 
l)ound to be a market. Articles that are standardized, such as 
l)ortland cement, refined silgar, paving brick, and news paper, 
are tkd-ermined in advarf(!e-as to character and will suit any 
market that observes tlu* standard. Other ilro)[lucts are in a 
continual stage of dovelopmoiVt and perfection, but under the 
control of the manufa(;turer. Locomotives, automobiles, cash 
r(*giwsters, and shoes—for all of these the market looks to the 
l>roducer to st‘t the standards and bring out the new models, 
after which it will buy a(a‘ording to its judgment of quality 
and fairness in price. The plant designer looks to the inside for 
the distinguishing traits that will fix the mod(‘l and so settle 
(piestions as to kind. Whcrev(*r the goods are to be sold, the 
type is fixe^d. 

For other commodities this is not so. Agricultural implements 
destined for New 'Fnghind differ fiorn those going to Dakota; 
those destined for ]\I(‘xicf), from those* going to Australia, Cotton 
cloth for the China t rade differs from that to be sold among the 
southern negroes. Mining machinery going into the mountain 
regions of South Americ.a must b(^ built for jirimitivt^ means of 
vransportation. Derby hats could not bi; expcct('d to capture 
the trade of Panama or India, noi- silk hosiery that of Labrador, 
These are examples of extremes. In a finer st'iise the same prin¬ 
ciple applies in a multitude of ways. Custom, habits, styles 
distinguish and define the prime characteristics of many com¬ 
modities. Advances in the arts, such as the use of aluminum 
• ... 

alloys in automobile construction, give rise to extensive enter¬ 
prises turning out new products. For this general group of 
industries, the market question must be settled definitely before 
the plant designer can even start on his task. He must know 
what to manufacture before proceeding to determine how. 

Still another group calls for a different analysis of the possi¬ 
bilities of any given rcigion. A new article has been devised. 
Where will it find its best demand? A new brand of steel for 
cutting tools would look to machining centers. A new tractor, 
like the Fordson, may take well in certain agricultural regions 
where the farmers are prosperous and progressive. Steel office 
furniture sells well in rapidly growing cities where insurance 
regulations and building ordinances are becoming stricter. The 
same is true of the zinc and asbestos roofing materials. A new 
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fertilizer will find its market where soil conditions are su(kh as to 
respond to its use.* For all such^it is a matter’of deciding where 
the article is, adapted to the neejjlj? of the <)eoplc or where the 
people have the characteristics and^neans which make possible a 
campaign for popularizing a thinj| of convenience, beauty, or 
economic usefulness. • * 

Decisions in' this line arc mad(k naturally at the original incep¬ 
tion of the enterprise, by those who arc projecting the id('a. The 
initial plan is subject to revision and variation as work proceeds, 
under the impress of accumulating data and experience. Too 
great emphasis cannot be given to the importance of the studies 
made before the plant assumevs form. A corre(!t relation to 
market is necessary to success. Concerns without number have 
failed because of inadequat.e marketing plans and facilities. This 
relation is not an engineering function in itsc'lf, and, like many of 
the elements of business, was very often given only a superficial 
consideration in past years, on the supposition that the com¬ 
mercial insight of someone high u[) in councils of the company 
was sufficient. Many a business has l)een starbal with no better 
basis for a marketing plan than somt'body’s assumption, or guess. 
There is no reason why estimatcis may not l>e made, based on 
population studies and records of consumption of the article in 
question over a s(‘ri(^s of years. If th(^ article is new, then some 
estimat(‘ of possible sales in a typical community can be used. 
Syst(?matically arranged data are always of assistance*, even if 
only as a gu'de to a guess at. the end. 

Reports of the U. S. De^partment of C’ommercc arc now giving 
valuable information respecting the foreign demand for goods?. 
More and more this country will turn to tlui export ts'ade. 
The saturation point in domestiet consumption is bei*ig reached 
in many industri(*s. As atte'iition veers to the foreign market, 
many phases of managerial control will be subject to change, 
and the careful analysis of market needs and consuming power, as 
well as policies in credits and banking practices, will become 
increasingly important. These matters are merely alluded to as 
bearing a definite relationship to the work of the engineer, with no 
effort, to amplify as to methods of procedure. 

DEVELOPMENT OF THE MARKET 

In increasing measure, cngineers.arc taking on the sales func¬ 
tion in enterprises handling various kinds of commodities. This 
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IS tru(5» especially when the articles to be sold arc designed for 
application to structures or to tfclyiical enterprises, and so have a 
direct bearing on operation. ./Phe correct use of ap article may 
be the means for building uij, confidonc(> and future trade. The 
result is that the selling force acts oft(‘n in an advisory capacity 
to the purchaser. A litllc*'l.hought raak('s it clear that the manu¬ 
factured products coming within this category n/like up a long 
list. It is necessary to have an adequate understanding of 
marketing methods as a basis for the planning of any selling 
campaign. 

The Wellington doctrine as to the minimum combined cost of 
production and t ransportation should be e.xtended to include cost 
of selling. In many lines selling cost today is a heavy ta.v on the 
consunu^r. In placing the product of a factory on tlu* market, 
this fact-should be given attention. Only by full study can the 
best program be determined upon. 

Trade in its earljest form, barter, involved direct (contact of 
producer and consumer. The next step was the advent of the 
retailer, who took the produce' from one group and sold to the 
other. The reader may arnplifj’ at will the forms which retailing 
developed while it still (‘xisti'd as the one intermediary betw(‘(‘n 
producer and consuriK'r. As producers ch'veloped their activity's 
and turned out goods in large quantitii's, no single retailer could 
take the entire output of a factory. Hence the producer was 
confronted with the burden of selling to many retailers sis his 
small-scale predecessor sold to consumers, and in various lines 
it. was found economical for him to reduce th(' number of his 
tiade connections in similar manner. This was done through 
the Aiediurn of th(' wholesale merchant, who bought in larg('.r 
(piantity and resold to retailers, combining a large* range* e)f 
commodities by buying from seveu al pre)ducers, so t hat he could 
me)re nearly meet the neeels of his customers, the retaile'rs. 
Sometimes the wholesaler could take; the entire product e)f t he 
manufacturer. Today we see many overall factories, canning 
anel preserving plants, and various e)the'r e'nterprises turning their 
whole product through ora* wholesale house, the latter sometinu's 
owning the manufacturing business. Sometimes this has not 
been practicable, however, and so we have seen a third inter¬ 
mediary, the jobber, develop in business circles, his function 
being to handle the entire factory output more directly, selling 
to wholesale firms. When thus serving the manufacturer, the 



T*RELfMINARY DESIGN 


45 


jobber takes the selling function from the former’s shoplders, 
substituting his own selling orga|iization for tBe one which the 
manufacturer,would otherwise be ^^ompelled to maintain. The 
justification for this procodun' lies^iii the fact that the jobber 
serves several manufactun'rs at the same time, and so can cover 
the ground with**! single fowe s(‘lling fi large variety of articles, 
whereas, in hiJj abs(‘nce, each mjinufacturer would be covering 
th(‘ same ground, selling his own smaller variety. 

Still another functionary has ai)i)ear(*d at times, .styl(;d the 
“commission merchant,” but the distinction between him and the 
joblxM- is somewhat indistinct., and it is not necessary at this 
juncture to follow out tlu; matter in detail. In the handling of 
manufactured articles es])ecially, the selling c,hain of manufacturen- 
t.o-j obi )er-to-wholesaler-t( )-r(d,ailer-t.o-con simun- is adequate*, to 
n'present the process in its most, involved fe'rm. 

Th(‘r(' is much loose talk about the wastefulness of middlemen, 
d’o b(‘ sure, all of these ste'ps in the marketing process are not 
nece.ssaey for all kinds of products, and so is it true, likewise, 
that for many lines of goods some* are omitt(*d. But they perform 
a real function. Someone must sell, and it is simply a question 
as to who can do it most economically. The margin oi^ which 
the jobber and wholesak'r oi)erate stands in the place of sales 
('xjx ns(' on the manufacturer’s account. As said before, by 
handling large stocks coming from s('V(‘ral prf)ducers, one selling 
organization can ic'place tla* several organizations that would 
otherwise b*' necessary, and therein lies economy. It is more 
sati.sfactory ff)r tlu* I’t'taik'r, also, to be able to order man 3 " 
diffen'nt portions of his stock from a single, wholesale hous«. 
Hence wholesale condemnation of middlemen is out of place. 
The conclusion of tin* whole matter, when taken fromJ;,he present 
viewpoint of the manufacturer deeding upon a Celling plan, is 
that he must study the situation as it exists with the same scien¬ 
tific care and accuracy that, he would exercise wdien dealing with 
production problems, discarding set rules when they are proved 
unsuit (‘(1 to his needs, not fc'aring to take steps dictated by 
economy 

But there is much cutting across the old selling chain today, 
even in many stocik commodities, and especially in manufactured 
goods that, are of specialized chara( 5 ter. The chain store is one 
of the most not,able fact.ors wherein a retailing organization is 
enabled to buy heavily, sometimes taking entire factory output. 
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and distributing to its many branches. Large shoe manu¬ 
facturers with many branch fs^ptorics arc able to multiply styles 
while keeping eaci). branch on a mass productign basis, each 
turning out a limited number of types, so that the central selling 
organization of a single company can fill orders including many 
styles and grades and so fjcriorm t,hc typical function of a whole¬ 
saler. Leather tanning is passing largely into the stage where 
producing and selling are merged into the one organization, 
although for some varieties of leather the jobbing interests are 
still active. Paper mills sell direct to many large publishing 
houses. Producers of such commodities as cement, paper boxes, 
dairy products, starch, electrical supplies,' brick and tile sell 
direct to large custonu'rs, to retailers, and sometimes also to 
wholesale firms or jobbers. 

In mark(‘ting the more specialized products a still more varied 
practice prevails. Many pass direct from manufact,urcr to 
consumer, sold either from a maintained stock of standard design 
or on special order. If the former, the selling may be done by 
(I) a traveling representative; (2) through the mails; (3) through 
selling agents operating from marketing centers where stocks 
may bf ke})t, or not, according to character of the articles, the 
agents being employees of the producer; (4) thi’ough independent 
agents who acquire the right to handle the articles in a given 
territory and in whose name sales contracts may be written, and 
who may have similar agencies with other producers of related 
goods, thus giving them a line of articles to meet the needs of the 
trade. Various combinations of these methods are employed, 
whereby portions of the plant output may bo disposed of in one 
way snd other portions in another. When the article is one that 
has especial, fitness for certain kinds of service, as is the case with 
electrical powCr equipment, there is occasion for trained repre¬ 
sentatives of the manufacturer to take part in negotiations, 
even if independent agents have to do with the making of the 
contract. In starting the production of new machinery lines 
it is often of advantage to arrange in advance with well-established 
sales firms for the handling of the output, as a means for intro¬ 
ducing them on the market in several sections simultaneously. 

Keeping in mind the selling methods thus hastily sketched, 
the prospective manufacturer must go over the situation with 
the purpose of deciding upon jx plan adapted to his enterprise. 
If the home market alone is in view, he will select the territory 
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seemingly most faxorable and proceed to the forming of thfe trade 
connections that will serve his |)urpose. This means choosing 
centers from which to work the territory, art'anging with agents, 
laying out his own organization foi»handling the sales work, and 
studying any and all phases of the |,rade demands. He must 
know the goods*of competmg concerns already in the field and 
study the methods in their hanflling. He and his ag(uits must 
go carefully through the territory to make detailed (\stimates 
of the purchasing power of prospective customers, and of the 
portion of the trade which he may expect to control. If his 
article is an entirely.new one, so that he will have no compel,itors, 
then the problem is the extent to which he may hope to induce 
purchases by those for whose needs his goods are adapted. The 
extent of first-season sales must be estimated, on the supposition 
that the regions will have to be worked over several times before 
they are really developed and the business placed on a normal 
basis. The magnitude of the task is in inwerse proportion to 
the experience of the man who is doing the estimating. Opti¬ 
mism in a sane degn^e is lu'cessary, along with confidence in one’s 
ability to carry through what, is usuall 3 '^ a difficult undertaking 
requiring i)at,ience and a good supply of capital; but an Unjusti¬ 
fiable optimism must be guard(‘d against. 

The object of all this is to fix upon a reasonable producing 
capacity for the proposed plant. The market analysis should 
furnish a basis for deciding how much to plan for, and whether 
the initial capacity should be made small—with plans for enlarg¬ 
ing as the business develops, or whether full capacity should 
be provided at the start. The amount of available capital will 
influence the decisions at this point. The basis on which dtjnsity 
of trade may be estimated will vary with differ^;nt*cnterpriscs, 
as the following illustrations serve to indicate. 

Assume an enterprise in process of planning for the rnanufac- 
t ure of a line of tools used in garages—not the finer grades of 
lathes or other machine tools, but rather the less finished forms, 
including jacks and miscellaneous small tools of the rougher 
sort. The customers will be the garages and certain individual 
car owners who arc mechanically inclined and desirous of main¬ 
taining their own machines. The extent of the prospective 
market will have a relationship to the number of auto vehicles 
in the territory under consideration. Data as to the rate of 
increase in number of cars and, specifically, as to the number of 
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existin';^ garages ^nd the ratio of that number to the cars owned 
in the territory, will be required in order to estimate future 
demand for equipfoent. 'Uhe extent of automobile tourist 
trav(d through the region will also be a factor, together with a 
study of tend(‘ncics in t^e rflirection t)f highway improvement, 
opening up of new^ pleasure resoil^, and shifting of routes of 
trav(‘l. In this line of inoductR it is necessary lo consider can;- 
fully the strength of competitors in the fi('ld. ('onservatism in 
estimating the extent of sales should be exeicisc'd. 

Representing a veiy different pi’oduct, take the cement busi¬ 
ness as an example. The figures for 1914, arc useil. In that 
year the av('rage per capita consumption in the contiiu'ntal 
United Stat(‘s was D.Sl bbl. Among th(‘ states, lu)W(‘ver, the 
amount used varied from 1.70 bl)l. in California to 0.11 bbl. in 
]Mississipi)i and South Carolina. Montana and Iowa follow 
closely on California with 1.08 ami 1.01 bbl. respc'ctively. Such 
figures piesent two interesting facts for the man considering a 
market for cement. Without question, th(‘ more active states 
present the Ix'tter fi('ld for sales. CVuistruction woik has gott(*n 
well under way and the people are getting ac(iuaint(*d with con¬ 
crete structures. Such districts will go forward ra])idly. On tin' 
ather hand, the backward states constitute a rich field for the more 
distant future, when activities calling for C(“nient shall have 
gotten under way. Th(‘ first significaid. point to 7'egist(;r is, 
therefore, to look out for shi|)})ing facilities in two directions— 
one toward active regions, where the better immediate market 
will be found, and the oth(‘r t.oward regions that may ultimately 
be depended upon when compidition in the first territory becomes 
keene‘r. 

More specifically, a manufacturer shiiiping out of th(* Kansas 
City district would have immi'diate access to th(‘ states of Mis¬ 
souri, Kansas, and portions of Iowa and Nebraska, in all of which 
the 1914 rat,e- was 0.81 or over, and also to Oklahoma, Texas, 
New Mexico, and Arkansas as reserve markets, where tin* rates 
were 0.25, 0.43, 0.08, and 0.24 rcsiK'ctivTl}'. A plant in the St. 
Louis district could sell in the rich markets of Illinois, Iowa, and 
Missouri, and also enjoy esi)ecially good shipping facilities to 
Kentucky, Tennessee, and Missi.ssippi, where the consumption 
rates were 0.37, 0.36, and 0.11. 

For materials like cement. Structural steel, and many others, 
the probable future demand may be estimated in accordance with 
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public works programs. The author has made a rough approxi¬ 
mation of the cement that willfbe used in ISinsas during the 
10 years beginning with 1921, for^Jhe road% bridges, and public 
buildings alone, in which the stat^ will have a direct interest. 
It amounts to nearly 0.9 bbl. per capita per year. That used 
in municipal striyitures and 4)y individuals will swell the amount, 
probably to i.25 bbl.—a subst^intial increase over 0.81, the 
figure for 1914. From such estimates, and with knowledge of 
the i>rodu(*ing capacities of plants already s(‘rving any district, 
one may draw conclusions as to the wisdom of establishing a 
TU‘W plant as njspects marketing i)ossibilities. 

()th(*r commodities vary in soim^ dinjct relation to the popula¬ 
tion, in which group come the princij)al food prtxlucts, ])Oots and 
shoes, ordinary t('xt.iles, i)af)er and pai)er goods, and many lines 
of clothing. The per eai)i<a consumptifm for all these articles 
is lik('ly to var\', so that data showing the rate of change must be 
available to mak<‘ it j)ossibl(‘ to estimate with accuracy the con¬ 
suming power of any community for the future. Such informa¬ 
tion is giv('n in th(‘ accompanying chart for certain representative 
commodities. The figures there used are production rather than 
.•onsurnption values, the amount of th(i goods exportpd not 
b(‘ing allow('d for. When us(‘d on a. scale for purposes of 
(‘stiiuating the achhal producing capacity that the country may 
support, it is not out. of place to use these production figures, 
since it may be assumed that sales in foreign territories will 
advarna! in approximately tin* same ratio as in domestic. In 
malt,ers like this, how'cv(*r, th(‘re is occasion for exercising good 
judgment in making estimates. 

Let it be said, however, that right here is the point where 
pi omoters and organizers must stop and study with «are if they 
are to be safe leaders in industry. On the thoroughness of the 
investigation of these conditions rests the chance for success, 
or at least the chanc(‘ to avoid costly experiments in production. 


FINAL STEPS: LOCATION PROBLEMS 

If the matlicrs of market and character of jiroduct are satis¬ 
factorily adjusted, there remain various physical factors to be 
investigated befoi(' the characteristic design can be completed 
and the general location decided u^ion. The important ones are 
materials, as to (juality and supply, process materials, such as 
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fuel and water, and transportation facilities. They must bo 
considered together,'always witjji tie problem of location in mind. 
Certain general principles have ali;ftp,dy been mentioned, in the 
opening chapter. • 

Distinctions must be clearly dra\yn as to the lelativc impor¬ 
tance of constituent and process materials. To do this a knowl¬ 
edge of the manufacturing process is necessary, or at least an 
intimate understanding of the charactcristi(!s d(!veloped in 
Chapter II. 

In general, industries with a low ratio of added value to value 
of product arc conditioned by tla; sources of the constituent mate¬ 
rials, although there arc exceptions. Materials of low value 
per unit of Weight cannot be transported long distances. The 
railroad rate fixing boards re(H)gnize this when setting low 
commodity rates, but even with this help there is a limit beyond 
which certain low-value commodities cannot be moved. At the 
other end of the scale the high added value mi;iimizes the signifi¬ 
cance of transporting materials. With the latter, however, fuel 
demands where heat treatment is involved in the process, unusual 
power demands, or quality of water used in process may be con- 
ti oiling factors, singly or in combination. • 

It has been stated that soim* industries follow the market.. 
This is because their raw materials may be shipped on low 
commodity rates, whereas the product is bulky or perishable and 
takes a high rate. In general, these are cases where added value 
is large. Material here is moving toward the ultimate consumer 
at all times, which is a natural condition. More industries would 
coir.e in this class were it not for certain artificial or personality* 
conditions which make it impossible to realize a truly scientific 
industrial system. These influences are mainly the characteristic 
tendency of labor to segregate where accident or habit has placed 
it in the past, and the artificially adjusted freight rates, which 
prevent cost of service from entering more logically into the 
charge. This explains why wool is shipped from the Rocky 
IMountain states to Philadelphia and New England and woolen 
goods shipped back. Australian wool coming into Atlantic ports 
is on its way to market, however, and so follows the natural law. 

The principle of fabiication in transit is an important one in the 
location of industries. The plant must be so located that finished 
goods may reach consumers at the lowest average cost, in which 
these items appear, namelj^— 



52 MA N AGEMENThNG'^ N EbiING 

4 

1. (Jost of fabrication, including materials but not freight on 
same. 

2. Freight on materials touthe plant. 

3. F'reight on finished go(V-ls to consumer, average. 


In many cases the cost of fabrication will be:the sanu* in each 
of several tentative locations, but there may be circumstances 
which will cause differentials. Costs of real estate and of labor 
are the items most likely to bring this about. In some high- 
[Kjwer industri(!s the rates on electric power may be a third 
influence. Whatever the situation, the facts must be deter¬ 
mined by accurate t*stimai.es. 


The second and third items may lx* lumpc'd into a singles 
calculation. Sup])ose that for ev(‘ry 100 lb. of finish('d product, 
boxed or crated for shipm(*nt, there are recpiinxl S5 lb. of raw 
material that will be brought to the plant on a low classification 
commodity rate, other materials being ])rocured locally on approxi¬ 
mately ecpial t,erms ftu- all locations. For tentative locations, 
.,-1, Ji, and C, let. the freight charge on this material be repr('- 
sented by A", and Z, res[)ectively. If the product be of a type 
such that the niarket demand will have relation to population, 
the analysis may b(' completed by taking a considerable sectifm 
of the countiy with, say 30 millions of peoj)l(‘, blocking it into 
relatively small sections with representative (cities as centers, 
and listing tlu; freight charge from each of th(^ tentative plant 
sites to each of these cent.(*rs. For location A , add A' t.o each of 
these freight rates, for location B, add F^, and for location f', 
add Z. This will give the transportation cost tin each 100 lb. 
of goods shipped to each marketing centei’. 

Suppose, now, that 100 lb. of goods are shipped to each center. 
If we multiply the population at each center by the transporta¬ 
tion cost determined as above, sum up all the products for location 
A, and then divide by the total population, we get a transpor¬ 
tation reference factor. The same process repeated for locations 
B and C will give reference factors pei taining to them. The one 
having the lowest reference factor will be the one most favorably 
situated from the standpoint of transportation. In making this 
calculation it is necessary to make the population divisions small 
in the region close to the tentative plant location, since freight 
rate differences are larger for short hauls; but for more distant 
regions large units may be used, even to the extent of taking 
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entire states with their dominating cities as the points for rate 
determinations. 

Similar analyses may be made fo^ j;ypes of industries in which 
the market is not proportional to population, by taking quantity 
estimates of sales in prospect at varjous points, as indicated in 
previous sections *of this chapter, and using direct quantities 
with freight rates in the multiplication, dividing the total by the 
amount of goods shipped to secure the reference factor. In 
such work, whet,her using population or quantity of shipments, 
calculations are simi)lified by dropping several digits, either to 
hundreds or thousands, and so obtaining smaller numbers, which 
are more readily handled and sufficiently accurate for estimating 
purposes. The results arc purely relative in every case. 

The following illustrations serve to make clear the methods 
outlined abov(‘. 

1. A concern formed to manufacture plain furniture for the 
market, west of the Mississippi River, except thc|;xtrenjc northern 
and Pacific Coast states, is considering locations in Omaha, 
Kansas City, and Oklahoma City. Fabrication costs are equal 
for the first two, but are 5% greater in Oklahoma City, due to the 
labor situation. Lumber supply—oak from the North and Ken¬ 
tucky-Tennessee region; pine from the South. All freight rates 
are a.'.sumed, for illustrative purposes only. (Table next page.) 

I’iu! comparison is favorable to Kansas C'ity by a considerable 
margin, as could have been foretold from general considerations. 
It. is situated midway as regards shipments of lumber for raw 
material, Avhere pine is assumed to be used in large proportion, 
and it is the natural center of distribution for the southwestern 
region. Had the Gulf states been omitted and the northern tier 
of stat es included, Omaha would have shown to better^ad^antage. 
In an exact analysis the relative accessibility of Omaha to lumber 
from the Northwest would be considered. 

2. Through the courtesy of the St. Louis Chamber of Com¬ 
merce, the analysis on page 55 is made available as an illustration. 
P is based on actual freight rates for distribution from the cities 
indicated, assuming that the raw materials arc obtainable on 
equal terms at each manufacturing point. It is applied to a 
region with a total population of about forty millions. It 
represt nts the drug manufacturing business, the product being 
one whose market demand runs in. proportion to the white 
population, but not to the colored. Accordingly, the figures 
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Jj'keight on Mateuiai., Mostly 'Lumbeu/on a Unit of Pbobin’t 

I’d Oinalia'... ; . ... . . 2.') cts. 

To Kansas Cit^. . . 20 cts. 

To Oklahoma City ** .25 cts. 

&• 

Analysis fob JIeferen(’k Factous, Total Tkanspoktation 


Basis of a l^nit Shipment to Point Indirtitecl. Population Figure Used for 
Kacli Center Rep.'jesents a Trade District 


Sort ion oonior 

Popula¬ 

tion 

U),000'.s 

1 

Omaha | 

„ Plod- 1 

Hate 

lift 

KaiiHUi. City 

,, ^ i Prnd- 
Rat(- 

j net 

1 

Okliihomii CiJy 

I) . ! Prod- 

Rat (‘ ! 

1 ucl 

St. l.OUIK. . 

tIO 

70 

' o.:ioo' 

.IO 

1 

; 4,.')(H) 

100 

9.()(H) 

1 lilvi'iiport, Iowa 

:io 

00 

1 , soo 

00 

j J ,>100 

no 

3,3(H) 

l)i‘s Moiiioii, Iowa 

(iO 


2,100 

40 

' 2,400 

100 

0,000 

Sinux City, Iowa 

;«) 


1 ,o:>o. 

70 

; 2,100 

100 

3,()()() 

KiiiiHUslaty . 

(iU 

4r» 

2,7(X) 

0 

‘ 0 

00 

.3, OOO 

Ohillicothc, Mfi 

I'O 

70 

] . 400 

30 

000 

9 .") 

1 ,900 

SprinKbi'ld, Alo 

21) 

70 

1 . I(K) 

30 

000 

00 

1,2(K) 

Littli; Rock, Ark 

40 

1 ;i.". 

.I. 100 

9.') 

.{. SOO 

40 

1,000 

Fort Smith, Ark 

2."i 

1 .'to 

;i,2.')0. 

90 

2.2.')0 

3.") 

S7.") 

Shreveport, La 

l.’i 

140 

: 2.100 

90 

J , 3.'i0 

40 

OIK) 

Baton RoiJ|j;e, La 

10 

l.">0 

0,000 

100 

1,000 

00 

2,401, 

Houston, 'JVx 

.'.0 

MO 

7,000 

100 

.'),00() 

•L") 

2,2.')() 

nallas, Tex 

.">0 

Ltd 

0, .')(H) 

•.10 

1 , .M)0 

3 .") 

1, 7r,() 

I’aso, Tex. 

20 

140 

' 2 .soo 

12.") 

2, .lOO 

7.-) 

J , .'>(K) 

Oklahoma City 

:«) 

80 

2,400 

r>r, 

1,0.")0 

0 

0 

Tulsa, Oklu 

20 

-r, 

1 . .")(M) 

.">0 

I ,000 

3.") 

700 

McAlester, Okla 

l.'l 

so 

1.200 


S2.") 

40 

000 

Wicliita. Kan 

:to 

70 

2,1(K) 

r,() 

1 , noo 

xi») 

1, ().")() 

Salma, Kan . 

:to 

00 

1 , SOO 

r>o 

I , .">00 

().") 

1 ,9.")0 

Leavenworth, Kan 

20 

l.'l 

' 900 

30 

000 

70 

1,4(M) 

Uardeii Cit.v, Kan 

20 

‘)."l 

1 .900 

0.') 

1 ,.'tlH) 

7r» 

1. .KK) 

Omaha 

00 

0 

0 

40 

2,400 SO 

4, SOO 

Liiieolii, Nell 

20 


7(K) 

4 .") 

9(H) 

so 

1.0(H) 

North IMattc, Neh 

20 

or, 

! J , 3(X) 

9 .") 

. J,9()0; 130 

2,(>(X) 

Pierre, S. I) . 

.'lO 

40 

! 2,000 

7r» 

1 .3 ,7.'io: 11 r> 

r>,7r,() 

Casjier, Wyo 

.''lO 

JO.") 

' .■),2.")0, 

no 

1 ."),.'■)()() 

120 

(>.(«M) 

Salt Lake City, Ltah 

.■>() 

J2") 

: f).2.'')0| 

12.'’) 

0,2.")0 

140 

7,000 

Denver, Colo. 

00 

100 

1 G.OOO! 

100 

0,000 

1 2r, 

7,.')(H) 

Albuquerque, New Mex 

;to 

130 

i 3,900' 

120 

> 3,0(H) 

140 

4,200 

Phoenix, Anz 

20 

LaO 

I 3,000' 

110 

1 2.S(X) 

l.'l!) 

3,()(H) 

Totals 

1,07.") = 
10,7.10,000 


190,000: 


■70,87.") 

1 


SS.G2.") 

Reference factors . 

. 


! 83 7 ! 

i i 


71 .’■) 


82 r, 


for centers in the far South are divided by two. As in the first 
illustration, the territory selected tends to emphasize the South¬ 
west, resulting in favor of St. Louis. Had the large cities in 
Wisconsin, Minnesota, and Michigan been included, the balance 
would have gone to Chicago. 
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i-•- 

P|oduct of populiftion and freight 


Popu¬ 

lation 

i . 

r rate, from 

City or cenler 


_ i 

CO T * ■ Lii- Kansas Indian- 

St. Louisj Chicago 

• ^ City apolis 


I 


Atlanta, Cla. ... 

196,144 

.?,087 

3,762 

4,351 

3,391 

Birmingham, Ala. 

189,716 

2,8.50 

8,,572 

4,113 

3,173 

C'hicago_ ... 

2,r>47,2()l 

14,478 i 

0 

25,400 

14,351 

Cincinnati, Ohio 

. 414,248' 

2,726 i 

2,624 

5,801 

1,824 

Dallas (Texas Croup). 

500,000 

9,200 1 

10,4,50 

9,200 

10,5.50 

Denver (Colorado GroujiT 

400,000 

8.100 ! 

9,000 

5,760 

10,.560 

Des Moines, Iowa 

104,052 

715 i 

750 

750 

1,125 

Indianapolis 

2S:i,622| 

1,722 

1 ,.502 

8,822 

0 

Kansas City District. 

407 , 912 ! 

8.000 

4,000 

0 

5,460 

Little llock, Ark 

58,7161 

750 

900 

825 

915 

IjOs Angeles, (’al 

586.485' 

21,862 

22..525 

19,875 

24,187 

Ijouisville, Ky 

240,808 

1,510 

1,.596 

3,300 

1,098 

Mcmjdiis, Tenn 

151,877 

1,222 : 

1,.597* 

1,518 

1,485 

Mobile, Ala.. 

59,201 

675 

825 

864 

780 

Nashville, Tenn 

118,136 

1,0.50 . 

1,.506 

1,848 

1,2.54 

New Orleans, La 

877,010 

4,275 

0‘>c; 

t/ , MaWtl 

5,472 

4,940 

Oklahoma City 

97,.588 

1,625 

1,875 

1,190 

l.,900 

Omaha, Neb 

177,777 

1,350 

1,800 

1,350 

2,457 

Peoria, Ill 

72,184 

889 

818 

612 

413 • 

Si. Louis Distrn l 

1,070,000 

0 

6,099 

8,025 

6,580 

Springfield, Ill 

1 62,628 

237 

288 

525 

354 

Wichita, Kan 

1 89,201 

1,287 

1,462 

742 

, 1,791 

Springfield, Mo 

i 40,341 

310 

410 

246 

: 556 

Davcnpc.rt, Rock Island, 

i 





Moline 

1 104,860 

585 

195 

' 7.50 

690 , 

'Fulsa, Okla . . . 

I 70,000 

1,008 

1,183 

745 

1,242 

Pine Bluff, Ark 

40,000 

500 

600 

550 

^0 

Shreveport, La 

36,000 

626 

726 

G26^i 73G 

• 

Totals 

8,424,702 

84,989 

85,170 

108,260 

,102,422 

Reference factors 

1 

1 ' 

100.8 

101.1 

; 128.5 

121.5 


Four pluccih of iigurc!4 arc omitted from each product in the table. 


The term “fabrication in transit,” as used in the foregoing 
discussion, is not to be confused with the arrangement termed 
“milling in transit,” as employed in the flour milling business. 
By a special arrangement with the railroads a car of wheat may 
be stopped at a designated point, aifd the wheat converted into 
flour and other wheat products, reloaded on the car, and con- 
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tinu(id on its \vay to market under the regular through freight 
rate that would have applied ’nad the wheat gone on undisturbed 
to the same destifiation. JChis is an entirely special provision, 
aimed at the building up a a decentralized milling industry. 

1 ' 

•» * 

Special Exercise for Solution 
r 

A marketing system is t,o be laid out for a manufacturing ])lant to bo 
located at. X. The product may be taken as any one of those named in the 
list below. The plant is to employ about 300 persons, and is modern in 
every respect. 

Product: u. Paper boxes and cartons, including standing boxes for 
candy, shoes, and the C!hristmas tra<le; nested ice cream cartons; flat boxes 
and cartons for but.ter packages, suits, milliners’ goods, etc.® 

6. P’urniture of the kinds indicated in the first of the illustrations on 
distribution factors above. 

c. Farm tractors. 

d. Cotton and leather-faced working gloves. 

e. Trunks and mi;.ccllaneous leather goods. 

f. Special hardware, including simple tools, such as wrenches, pliers, 
ammers, cold chisels, punches, nail sets, etc. 

Assume the duties of a sales manager and lay out a plan from the begin¬ 
ning, deciding as to relations with jobbers and retailers, and special agents. 
(Consider such questions as the use of demonstration and exhibit rooms at 
selling centers, use of the niails, and promotion of activities which would 
stimulate business in the trade territory. 

Lay out a marketing territory in sketch map form to include some district 
that is familiar to you. Indicate the important centers and the shipping 
routes. Estimate the business at each center, basing this on your knowledge 
of conditions in the sections where you are acquainted. Write up the jdan 
I in report form ready to submit to the company officials. 



CHAPTER* IV 

FUNCTIONAL DESIGN OF THE ENTERPRISE 

In the carrying out of the scheme of pi oduction wo have seen 
that there are perforrncul the functions of design, operation, 
equipment, comparison, material, sales, and control. The first, has 
been considered in its general features of fixing the type, grade, 
and adaptability of produet to th(' needs of the market. Tlu; 
physical appliances and working personnel lor realizing thes(i 
st andards will be provided in the plant and organization, as items 
in op(*ration and ('(juipment. It is the aim of this chapter to deal 
with the general plan for th<‘ opeiation and eep^ipment functions, 
in accordance with which the physical plant must b(‘ established. 
In otlu'r words, we ar(‘ t,o discuss the pro(ress of manufacture. 

M(».st of the existing treatises on industrial engineering and 
managemi'iit deal almost exclusively with mc'tal working plants. 
This is natural, as such plants offer (‘specially marked opportu- » 
nities for the developnu'nt of b(‘t.t.erment proc(‘sses. In them tlu^ 
individual workman exercises a, dominating influence upon the 
character and quantity of product. Skill in handicraft there 
counts for a great, deal, and t.hc training of the worker is an 
important mattc'i-. The flow of material through the plant is 
conditioned by the human factor, in large measure, while in many* 
other ty))es of (‘nterprises it is fixed absolutely by the rigid l&ws 
of (;quipnient. But for a full understanding of indus|,i'i{Il demand 
a more general treatment of manufacturing processes, covering 
a wider rangt' of the major activities in the commercial system of 
the present day, is desirable. In all of these activities the need 
for the services of the technical expert is being felt as the demand 
for economic production increases. 

Carrying out the functional design involves two steps: first, 
making the general analysis of operating conditions to show the 
main factors of capital investment, amount of raw material, 
number of employees, and power demands with the money values 
represented by each, and so estimating the income and expendi¬ 
tures for a hypothetical establishment; second, making the detailed 
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analysis of plaijit equipment required to carry on the proposed 
enterprise. Several typical ihdurtries will be given consideration 
on an illustrative basis. Tlhe data given will not be complete 
and will not serve to replace experience, but will suggest methods 
to be followed in the general design. 


THE METAL W'ORKING INDUSTRY 


This group of activities, about wdiich so mu(;h has been written, 
will be treated first. The principles involved apply to many 
industries commonly separated in th(^ census r(‘ports, such as 
“foundry and machine shoj) products,” “electrical machinery,” 
“locomotives,” “agricultural implements,” “cutlerV and tools,” 
“automobiles,” “sewing machines,” “stoves and furnaces,” 
“typewriters,” and “cash registers and calculating machines.” 
Consid(*r<‘d in total, the group represents a large, ixn tion of the 
organized manufg^'turing enter])rises. In it are met the most 
comph'x problems of tlu' jdant d(‘sign(‘r, bc'cause the human 
element figures more prominently than in most of the others, 
and the material is subject ed to a seiies of manipulative processes 
which make necessary the utmost care in routing, close studies of 
, machining methods, and a maximum of orderly recording {)f cost 
elements to insure accuracy in financial control. It also presents 
the greatest opportunities for the dcveloj)ment of standardized 
practice in quantity production. It is the distinctive synthetical 
industry. 

Proceeding with the general analysis of operating conditions, 
'uhe averages of the production factors giv(!n in the table in 
Chapter II for the ten industries just listed are as follows: 

Etnp'loyjes per $1,000 added value 0.S3S 

Wages for the same $ 560.70 

Capital for the same . $1,04:i 00 

Power requirements for the same, hor,sejK)v\'er 1 116 

Ratio—added value to value . 0 63 

Value of products = 1,000 -f- .630 = $1,586 


Reducing to the basis of one emi)loy(*o, these figures become— 
wages $675; capital $2,315; power 1.33 hp.; cost of materials 
$700; and value of product $1,890. 

It is important to find the weight of product, in approximat(* 
t(;rms, as an index of the amount of work handled. To do this, 
the value per pound must be estimated, understanding that 
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these data are on the basis of pre-war condition^ For th<? wide 
variety of articles included in.trfese ten groups the value per 
})ound varies greatly, from about 8 cts. for thfl simpler machinery 
t.o 50 cts. and even more for the mor# complex, and especially for 
t he high-class patented articles, like aasb registers and calculating 
machines. Allov^ing for the* much greater tonnage of the lower 
class commodities, a value of 12*^2 cts. per pound will be used, 
whi(5h gives 15,120 lb. as the weight of product per employee 
p(‘r year. Such a figure must be used with caution, however, 
will full allowance for variations when dealing with the several 
special classes of met^l produ<;ts. 

The weight of raw materials tunployed will be from 10 to 20% 
greater t han'the product. Some of the process materials arc not 
present in the finished article, and loss occurs in the machining 
pro(!essos. 

Th(‘ next step is to proceed with adjustments to present price 
and wage conditions. It may be taken for* granted that the 
weight of material handh'd and power nujuirements, per employee, 
will not vary materially. Wages, cost, of material, value of 
product, and requir'd cai)ital invest iiMuit will vary notably with 
economic conditions. As a check on these items, the follbwing 
calculations from the advance publications of the IT. S. Census* 
for 1919 will be of valine, but it is to be borne in mind that condi¬ 
tions in that, year w(>re at the taught of the extreme fluctuations 
that took place immediately following the World War. 

In the returns for the stat,e of Massachusetts the average of 
the four products—automobiles, cutlery and tools, electrical 
machinery, and foundry and machine sho[) products—shows, as 
amounts per (unployee: 


Wages 

(’ost, of materials 
V alue of products 


1,47.') 
4,12.') 


The machine tool industry for the entire country shows: 


Wages .. 

Cost of inaterialb 
Value of jiroducts 


«l,24t) 

1,112 

4,000 


In the manufacture of engines of all kinds the figures are: 


W'ages 

(Tost of iiiateriala. 
Value of products 


$1,34;') 

2,820 

r),080 
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In ‘the building of locomotives, in the establishments other 
than railroads: 

Wages.^ • $1,450 

Cost of materials . < . • 2,550 

Value of products ... 5,850 

Agricultural implcmenis manufactured in Oliio give: 

Wages. . ... $1,150 

Cost of materials . 2,550 

Value of products . . 5,380 

The amount of capital appears to run approximately with the 
cost of materials—namely, from $2 to $4 per dollar of material. 
It may be noted that for the above summary based on the 1910 
Omsus t,he capital figure is $3.30 per dollar of niaterials cost. 

Somewhere between the two extremes will lie t he figures appli¬ 
cable to the current period, 1922 to 1924. Since 1920 the drop 
in iron and ste<d has been markedly more than t,h(^ reduction in 
wages, so that th(vrelativcly high cost of materials shown in the 
1919 figures, comi)arcd with wages, has been largely reduced, 
with corresponding effect on value of product. This may not 
be true for the machine tool industry, where it would appear 
that conservatism in buying, with the using up of existing stocks, 
kept down the amount expended for material in 1919. The 
latest data exhibit a tendency toward the emploj'ment of power 
in greater proportion, the average demand standing at about 
2 hp. per employee in place of the 1.33 hp. obtained from the 
earlier reports. 

For application to the average establishment in tbis group, 
Vhe following set of values may bo used, wherein the wage scale 
is set 20% below the 1919 figure, and materials one-third less. 
The work'bascd thereon is to be understood as being illustrative 
only, however. It is not necessary in the present juncture to 
assign a value of product. The weight of material may be taken 
as constant, at tons per year per employee. For such ref¬ 
erence purposes the following figures are fairly representative: 


W'ages^... .. $1,01.5 

Salaries of officials and clerical force, 30 of wagers .. $ 305 

Materials, for 1.5,000 lb. of product. $1,315 

Power, ca]»acity of cquipinent, horsepower. 2 

Annual cost of i)ower, independent plant, exclusive of 

labor, $28 per horsepower. .... $ 56 

Capital, $3 per dollar of cost of materials. $3,945 


1 Based on maxiniuin number employed. Average eariiinga will be greater. 
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It is to be understood that in this classification “materials” includes all 
supplies used in plant and office, inc^ding fuel used I'or process purposes, 

in addition to true raw material c&nsumed. 

• •• • 

APPLICATION TO MACHINE yoOL MANUFACTURING 

In making application to any line work, any known charac¬ 
teristics of thal line shouhl bo given consideration. Hence in 
this case figures will be used dilTwing materially from the average 
figures in the summary just givim above. For these figures, 
the author is indebted to several manufacturers of the Cincinnati 
district, but they do not apply to any individual company. 
It will bo noted that they conform in most essential respects to 
the relationships developed from Ctinsus reports. 

A plant \vill be assumed equij)ped to employ 500 men in all 
producing departments, including foundry, but exclusive of the 
office and sales staff, and which in a normal year will average 
about. 425 men actually at work. The product is a high-grade 
engine lathe which has a wide sale amojig first-class metal 
working plants in all parts of the country, and which is furnished 
in a large range of sizes both as to swing and length of b(‘d, and 
with a variety of speed adjustments and power drive systems. 
The latter conditions make necessary the carrying in iftock of 
many finished part s, ready for assembly in accordance with order!*, 
calling for considerable working capital. The plant is com¬ 
modious, W(‘1I lighted, and effectively organized and managed. 
The equipment is modern and includes a few machine tools of 
unusual size to accommodate long lathe beds that are built 
occasionally for turning heav}’^ naval guns and other long work. 
This means a heavier investment in jdant than would be required 
for building a more closely standardized line of tools. * 

The total annual value of product, taken as tljje Actual cost, 
including general office expense but no profit, may be taken as 
81 cts. per pound. The output in a typical year amounts to 
$ 1 , 475 , 000 . This means a finished product weight of 4,750,000 
lb., or 11,900 lb. per employee. 

The investment will vary with location as influenced by value 
of land, building costs, etc., but may be taken as follows: 


Land.$ 35,000 

Buildings, including railway sidings. 237,000 

KquipiiHiiit complete, including full comjiloment. of small tools, 
all materials handling appliances, office furnishings, and auto 
and truck transport.. 742,000 

Total plant... 


. $1,014,000 
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Currenttnvcntorios considered constant for steady operation; 
Raw material... .' . . . . 

In process and finisl^ed Roods 
(’ash on deposit . *"■ 

Total current. , ■ 

Totsil invest ment ' a 


85,0(K) 

rj36,ono 

25,000 


$ 640,000 
$1,660,000 


In laiol- calculations it is assuincd that 1500,(KM) of this invest¬ 
ment is represented by 2 ^ 0 bonds. 

The operating ac.count for an ('stablishmt'iit of this size may 
be (‘stimated in advance only in round figurt's, Tlu* most diffi¬ 
cult to predict is the amount for mab'rial which is not consumed 
directly in the process, in which cat.(‘gory come a inultitude of 
articles purchased for the general conduct of the business and 
upke(*p ()f the plant. Under the heading of “rnateriar’ all 
articles purchased will be included, as in the CkMisus enuuK'ration, 
some of which might, [noperly be charged against maintenance'. 

I’lie basic estima\.e is for the weight, of iron castings. This 
is done by using the formula commonly employc'd by machine 
tool builders, whereby 


We'ight of product = 


(■astings X 0.90 
Z 


when' Z is the percentage of castings in th(' finished machine 
and 0.90 is the net weight of castings after machining, on t.fw' 
basis of removing lOVp of nietal. For high-grade'('iigim'hith(‘s 
Z equals 0.9,3. For turret lathes it is 0.95. For other forms of 
tools it null vary somewhat., f)ut not far from these' limits. 

'Solving for “castings” in this formula, with Z = 0.93 anel a 
finisheel proelue't weight e)f 4,7.50,000. give's a w'e'ight e)f 4,900,000 
11)., or 2,4."fO Je)ns pe'r ye'ar. Founelry rnate'rials may then be 
calculated frenn this tonnage outiiut. 

It is aelopte'el as gooel practice to emple)y cast ste'e'l ge'ars in 
the change-gear tran.smi.ssion used to elrive* the' leael screw. 
These castings will be* pure*haseel. Machine'ry ste'e'l anel brass 
make up the* balaneie' of weight. It is unele;rste)e)ei that fe)r ce)ne'- 
head lathe\s the ove^rhe'ael jackshaft, with cone; anel drive pulleys 
and hangers, is inclueleel with the; finished machine. Taking 
the weight of an J8-in. by lO-ft. lathe as 3,4.50 lb., and this as 
an average of the total built, the number of lathes turneel out 
per year is 1,380. Hence for v;ach pound of steel casting, brass, 
or other part other than cast iron employeel on a single lathe. 
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there will be requireil 0.69 tons of the inet^^l per yeaF. This 
affords a ready moans of estiiijatfnR the material to bo purchased, 
adding 10%«as metal nunoved im^he machining process. 
Material cost may now be estinmted as follows: 

In the foundry, including new j)ig iron and*steel sera]), special 

alloy nietal, flux, sand, loam, core material, and miscellaneous $ 109,700 


Machinery steel, IfiO X 0.69 X 1.10 9< $91 = . 11,520' 

Steel castings, 35 X 0.69 X 1.10 X $165 = 4,380' 

Hnuss, 15 X 0.69 X 1.10 X $207 - . . 2,360' 

Fuel, coal and coke, 1,250 tons at $7.50 — i>,375 

Oil, lubricant and cuttiTig fluid. . 2,500 

Small ))arts purchased^ including bolts, etc 2,,500 

Lumber, for i)attcrns, flasks, crating, and miscellaneous: 

.5 M at $r.50 $ 750 

10 M at 60 . 2,400 3.1.50 


Paint and finish material, for machines and for miscellaneous use 5,000 
h'orge shop fuel and supplies 4,000 

'Pool steel • 8,000 

Heat-treating equiiuiient, siii>plies and inaintenaiice 2,.500 

S])oiled iiiatm'ial, 10 tons at ,${)() 900 

Safety appliances, new and iipkeej) 2.000 

Material t.raiisjMirt, iijikiM*]) and new, cranes, hoists, trucks, etc. f»,000 
I'pkei'pof j)lant equijmicnt, chargeable to maintenance but taken 

as parts and material jnirchased, take 'f of $600,000 9,00(^ 

l'j)la-ep of buildiiig.s, taken as before 3,6(M) 

Special im])rovenients and replacements 15,000 

l'])k('e}) of tool room equijunent, rejilacing worn tools, files, 

grintling wdieels, lost gages, scales, eti- 15,000 

Plant service—heating jilant, light and tsiwer lines, teleiihone, 
belting, general stipplies . . 10,000 

Hesearch and insiiection service 15,(M)(i 

(■onij)res.sed air service, tools, etc .5,(M)0 

Stock room and storage—upkec]) and extension • 5,000 

Office and drafting room siqiplies, new files, furniture, fixtures, 

and miscellaneous . 20,(M)0 

Personal service—^medical siipj)lie.s, recreation, lunch room, 

books, etc .. 15,000 

Outside tran.sjMjrtation trucks, aiitoinobili's—siqiplies and 
depreciation 25,000 

Keplacements of eiiuipment, chargeable to depreciation but 
actual i)urchases only 25, (K)0 

(Regular depreciation considered later) 

Oeneral and misccllatu'ous supplies 40,000 


Total ^ . $ 381,480 


) Note: Itrius of inachiiinrv stuul, steel cimtings, and Itrass are bused on eacli latlie liavinK 
ICC lb., 35 lb. and 15 Ib. of those metals respeetively. 
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Labor, oi|>urutmg plant only, 425 men, 2,500 hr. per year, at 02 

cts.'.;. 057,750 

Office, sales, and clerical ^pcrvice, taken as 30 % of wages . . 197,325 

Power and light, jturchased, 356 kw. inaxiiniiin 
demand, 80 ‘’,'1 load factor, l'^ P<‘'’ kw.-hr., 2,500 

hr. ..$10,500 

Extra lighting in off hours *2,000 12,500 


Freight and expicss on miscellaneous account. 10,000 

Interest on bonds, assumed $500,000 outstanding at 5^^','' 27,500 

Depreciation: 

2% on .$200,000 budding $4,0t)0 

4^^;, on ()00,000 equiiunent 24,000 28,000 

Insurance—1 % on $1,000,000 10,000 

'J axes—1 ? -i on $800,000 ... 12,000 

Sales expens<‘, -{‘xclusive of services 20,000 


Total operating (‘xpense 


$1,350. 


The total output was assunnul al. Ihe start to he on a cost basis 
of 31 cts. per pound, amounting: to $l,472,r)00, 'I'liis means that 
this year’s operation shows a margin of $115,045. Actual sales 
would be based on a figure sufficient to yield a satisfactory divi¬ 
dend payment on the outstanding stock investment of $1,160,000, 
aind also to guard against possible shrinkage of valu(' on the heavy 
inventory carried. If were (‘onsid(*red sufficient to m(‘(‘t 

these tw'o needs, it would iru'an a sal(“ pi ice of 37.2 cts. per pound 
of finished net weight of product. 

This analysis has been carried through in considerable detail 
for the purpose' of bringing out the* manifold items that enter into 
the operating expense of a large or medium-sized establishment 
of this typQ^, Others to be conside'retl will be taken on a much 
more condenst^d basis. 


APPLICATION TO HEAVY ENGINE BUILDING 

A Die.sel oil engine, which may be takc'n to typify this class e)f 
manufacturing, shows the following characteristics. It is built 
according to standard designs, mainl}" on an order basis. By 
varying the number of cylinders, a wide range of capacity may be 
secured with a small number of cylinder sizes. Power of units 
built will vary from 150 to 1,000 hp., avei aging 500. The weight 
per horsepower, taken from actual figures of a i)rominent manu¬ 
facturer, is 440 lb. A plant will be taken equipped to turn out 
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10,000 hp. per year, or twenty average engines.. The analysis will 
assume a year of maximum,production, which should thus be 
expected to show a surplus of considerable proportions. 

The plant includes an iron foundry for its own work, but pur¬ 
chases all forgings, steel castings, g-nd brass. Materials will 
thus show a high value pfir pound, some of the forgings being 
massive and complex in form. Plant etpiipment will not have to 
provide for the features of mass production which entered into 
the machine tool establishment, but there will be several large 
machines. The erecting force will be larger in proportion, and 
must include men ,of skill, both for the shop assembly and for 
erection in purchaser’s j)lant. Inventories will be relatively low, 
omitting fiflished parts in stock. The ratio of capital investment 
to material cost, which was 1.24 in the machine tool plant, will 
here be takc'ii as 2.40. While this may seem small, it is to bo 
remembered that material cost here is high bc'causc of the expen¬ 
sive forgings purchased, as noted abov(‘. 


StATEMJONT (IF Opkkations 


WoiRht cif product, 440 X 10,000 = 4,400,000 lb. 

Wciglit of direct materials, on basis of lO'Jo loss in macliining, 

4,400,000 0.00 - 4,SSS,SS8 lb. 

(j'osi of nijiterial, item including all purchased of both direct and 
indirect articles, small tool replacements, etc., as [K*r experi¬ 
ence of builders, at rate of 11.09 cIs. per pound .$ 540,000 

Number of shop employees, including erectors, from actual 

exiiericnce . . .... 255 

Material, direct, per emidoyee, tons. 9*6 

Wages, basis of 62 cts. i)er hour in machine shop and 58 cts. in 
foundry, weighted average 61.4 cts., 2,500 hr. per .vear. . $ 391,400 

Salaries, offic-er.s and clerical, 25%.* 97,850 

J’ower, basis of 2.45 hp. installed per employee, 80% of this for 
maximum demand and load factor, 66.7 % of this, at cost of 
2 cts. per kilowatt-hour 

255 X 2.45 X 0.80 X 0.667 X 2,500 X 0.02 = . . 16,750 

Depreciation, 5% of $500,000 25,000 

Insurance, 1 % of $700,000... 7,000 

Taxes, 1 H % of $600,000 . 9,000 

(leneral repairs and maintenance 10,000 

Miscellaneous overhead. . 10,000 

Kales expense, excluding service, 10 %,. 143,600 

Total, factory cost plus sales, equals $125 per horsepow’er. $1,250,600 

fleneral office expense, excluding salaries. . 15,000 

Total cost.$1,265,600 
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Interest‘'and dividends, basis of $500,000 6% Iwnds anil 
$790,000 outstanding stock: 

$500,000 X O.Ofi. $ 30,000 

$790,000 X 0.10 " 79,000 


Total. $1,374,600 

A selling price of 20 % over factory cost yielils a gross incfi'rne of 1,500,000 


Surplus on year’s operation , , $ 125,400 


APPLICATION TO GENERAL METAL PRODUCTS PLANT 

A partial analysis is given for a eoncorn (‘ngaged in the manu- 
faci.iire of a line of miscellaneous goods, including hoistitig, con¬ 
veying, and materials handling machinery, power transmission 
appliances, crushcM's, and geru'ral structural steel work. The 
figures are averages of data st'cured from two similar plants of 
about the same size, etich imiploying approximately 500 men in 
the production department. The output has a value per pound 
one-half of that for machine tools and is taktui as 18 cts. In this 
class of product the material cost, is about 55',( of the total valin*. 
Wastage of material is greater than for the other t j'pcs. Sales 
co.st is relatively high. Designing assumes giealer place in the 
cost, since many isolated ordi^rs of sp(*cial character are taken. 
Investment figures are not available, but, as compared with 
the engine plant treated above, the difference is not, great. 
In this item the values on buildings and yiermanent ecpiipment 
will be less but inventories on raw materials higher. 


I’AltTlAl, »STATE.MK.\T of OfKUATTON.S 


Wcigbl of product, per year 
Weight of product, per eniidoycc 
Value of product^ at 18 ct.s. per pound 
Cost of material, this including the many items purchased 
JUS listed in the preceding a))plicaiions, 55 % of value of 
product.. .... 

Labor, shop force only, scale of 55 cts. average, 2,.500 hr. 

per year, 500 men ... 

Designing, and creel,ing force on the road, 50 men, aver¬ 
age $1.50 i)er month 

Officials and clerical salaries, 25 % of the shop wages 
Powder, from actual record, 46,500 kw'.-hr. per month, 
taken at 2 ct.s. 


]S,S.50,000 lb. 

18.85 tons. 
$3,393,000 


1,806,1.50 

687,500 

90,000 

171,875 

11,100 


Total of items listed ' .$2,826,625 

Balance2[to cover fixed charges, sales expense, and profit. 566,375 
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FUNCTIONAL DESIGN: SECOND STAGE 

• 

In the second stage of the functional design as applied to metal 
working plants, attention is centered cniSirely on the special 
ai'ticlos to be produced. The anal>^is of the operating conditions 
is presumed to have been made SMictu’ding to the methods just 
outlined, so that a good iflea has been secured of th<‘ amount 
of matcDal to be handled, the nSinber of persons employ(‘d, and, 
in a partial degree, of the space reciuirements. It is to be 
assumed, also, that the designer knows the (ixtent to which 
improved management methods are to be employed, so that 
he is abl(* to give intelligent attenlion to space ne(‘ds for fdanning 
and other service' de[)artm('nts. 

'I’he maif who doe^s this dt'signing must be well acquainted 
with all of the {woccsscs of manufacture, lie must also be com¬ 
petent to analyze' ('quipment demands on an economic basis. 
'I'o spc'cify operating machines for specialized process steps 
for which th(*r(! will be but small deniandy* wlu'n the work in 
question might be pcT formc'd on another machine of more general 
service', may result in adeling equipment e)f high ce)st., which will 
adel he'aviW te) e)verheael e-harges, out e)f harmony with plant 
effee'tiveness. lie must, aim te) proelue'c a balance'd eepiiTment, 
consistent with the scale* e)f the ent.ei 7 )rise. 

The work inve)lvcs four elistinct steps, as follows: 

J. Making the elc'taile'el analysis e)f the articles te) be* manu- 
facture'd, which me'aiis listing every part, with a spe'cificstion of 
the proce'ss ste'ps to whie:h it is te) be subjected. 

2. Se'lecting the* t.e)e)ls reepiire'e! in the performane*e' e)f these* 
p)-ocess st(!ps, and making a time* eistimato for the we)rk ami a 
scheelule; e)f e)peratie)ns. 

3. Fre)m the j)receding, to prepare* ie)uting diagrjimS that shall 
determine the airangement e)f t.e)e)ls in the plant, fre)in which 
space re'eiuireme'iits fedlow. In pe*rfe)rming this work e'onventional 
elrawings shoulei be* maele that are purely diagrammatic, showing 
the advance of each pieeic from toe)l to tool and the points where 
the^ several pieces mee*t in any pre*-assembly steps. 

4. lasting the require.*me!nts as te) special fixt ure's, jigs, etc., anei 
estimating the* tool room facilitie's needed to care* for the shop 
re)utinc. 

When the preceding has been accomplished, the actual planning 
of the buildings begins. In this,'in addition to provisions for 
the equipment covered by the prepared lists, the attendant 
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needs for storag;e of materials, assembly and testing space, 
shipping facilities, materials transportation, space for stock 
handling and issuing; office (jv^rtcrs for recording, costing, plan¬ 
ning, and administration, and suitable quarters for sanitation 
and special needs of the, personnel must bo given adequate 
attention. Plant service demands for light, powor, heat, ventila¬ 
tion, and general caretaking c.mie in for consideration at the 
same time. Well-developed plans are called for that will show to 
scale all the demands of opt^ration and service, and which 
form the basis for the design of the physical plant that is to 
follow. 


Space is not taken for an elaboration of the various steps 
indicated above. An excellent guide, suggestive on many points, 
is the work of (’harles Day on “Industrial Plants,” published 
by tlu! Engineering IMagazine (’onipany of New' York. Another 
that will be found useful is Parkhurst’s “Applied Scientific Man¬ 
agement,” published by John Wiley and Sons. In (’hapter V 
the details of plant design are discussed more fully. 

Modern ideals in the adniinisti-ation of industrial enterprises 
find their most complete expression in metal working plants. 
This is so largely because the factors of labor and equipment are 
hei'c combined in a vital manner, with labor in control of e(iuip- 
ment. The human element is the more significant, but it cannot 
attain its proper standards unless equipment is adjusted logically. 
Much has been written on management and efficierwy, but the 
proper point at w’hich to begin in the process of Ix'tt erinent is right 
here on plant and process fundamentals. Tools must be selected 
wis(dy, and w’iselj' placed. Materials must movo fr(*ely and with¬ 
out unnecessary crossing of ti affic lines. S 3 'st(‘m and order in the 
arrangemerlt of tools and in th(' movement, of materials betoken 
a well-ordered management, and the same qualities in men. 
In no other phases of managerial activities will results flow' so 
freely from expend(;d efTort, or rnec't with such unquestioned 
approval. Manufacturers have far to go to produce plants that 
will equal individual machines in the scale of pej-fection. Engi¬ 
neers and designers have produced marvcdousl^' effective machine 
tools, but they have not progress(ul so far in producing effective 
plants. Their vision must now be broadened to embrace the idea 
of the plant as a working unit - -a machine whose smooth opera¬ 
tion is a primary requisite to fii'ionomical production. 
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IRON And steel 

Considered with its two n^^iii* divisions—blast furnaces and 
steel works arfid rolling mills—tliiw»is the latgc'st single industry 
in the eountry. In 1919 the capital employt'd was 7.75% of the 
total for all industries, amountiMg jl,o $3,458,934,95S. It is 
basic to many «ther (‘stabtished groups. Whatc'ver affects it, 
involves every other activit y whirti us(\s ecpiipment of the machin¬ 
ery sort, and this means all. 

lioji and st(‘el manufacturing is a characteristic synthc'tical 
industry, chemically.. I’he main portions of the physical plant 
arc* dc'voted to main pul at ive proc*es,ses, howevc'r, and it is with 
thc'sc? ])hases that we are concH'rned, ])rimarily. Dc'.sign of plant 
and c*(pjipinNit has to do with the mov(‘in(*rit of inatc*rial, first the 
ore, fuel, and flux tlu-ough the blast furnace*; thence* tei the st.e*c'l 
furnace*s, ingot molels, re*heating pits, rolling mills, cutting and 
trimming machines; anel the*ne*e to steuage* and the shipping 
platlbrin. Afte*r t he* final pre)pe)rtioning at tl»* furnae*e* the work 
IS manipulative, callirig for transporting racilitie*s of high capacity 
anel e*xae“t aelaptatie)n te) the* s])e‘cialize*el ne'C*els. Oidy thegeneral 
fe*ature*s may be* eie*alt with at this time. 

I'lie* following aie the* jirincipal financial charactc*ristics,*base*el 
on the* 1919 Ce*nsus; 


1 I KM 

Hi.vmt I''i knacks 

.Stkei. Mti.ls 

of prodiicfs 

.$704,4(>0.r).'')S 

.$2,S2S.002,;i70 

A<l(lc*(l vmIuc 

$17.4, ISO,0(i2 

$1 ,14S,:t2(),0l8 

('uj)itjil 

.$S02,41G,.'')4l 

.$2,().'»0,.51S.417 

.Added vidue* ju'r $1,0(KI vjdeu* 

$‘22S 

$400^ 

\V:ine‘ fijirners jxt $1,000 added value. 

.20 

..427* 

Value of preuluel per eiiip!ov(*e 

$10.0.')0 

$7r.’i40 

ae:c*.'< per employe'C 

$1.700 

$1,700 

Power j>er (Mni)loyc*e, horsepower 

OS 

10 2 

Capital ])(•!■ eniploye'e 

$10,2.')0 

$7,07.'') 

C'.-ipital per dollar of material 

$1 20 

$1 .W 


It will be e)bsc*rve*el t hat these valuc*s eliffer mate*rially from those 
cited in the preceding sc'ction for the varienis me*tal manufactuivs. 
For the blast furnac*e branch, c*spe*cially, e*apital and value of 
proeluct pe*r plant e*mple)yc*c* are* high. If values per ton applying 
in the ye*ar 1919 be* taken as $45 for })ig iron anel $83 for steel, the 
above* figures show the tonnage* of firoelue*! per employc'c to be 
424 for the blast furnace branch and 91 for stc'cl. This means 
that labor has been recluceel t o low figureis in operatieui procedure. 
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The l 2 i,rgc part ^ilayed by equipment is indicated by the very 
large figures for power used pbr employee. Wages are high, in 
which connection one must^jjemember that working conditions 
call for a 12-hour day on a tW(0-shift per day basis in those bran dies 
demanding continuous operation.^ 

To make an approximate estimate of conditiqns existing in the 
latter part of 1922, we may takft pig iron at $28; steel averaging at 
$63; material less than at the end of 1919 by 21%; and capital 
reduced by 10% to cover the reduction in that, part represented 
by inventories of materials and stock oq hand. The produc¬ 
tion per emi)loyec was probably somewhat less in 1922, by reason 
of the lessened scale of ])usiness, but the diiferenc(‘ is ilifficult to 
estimate with tlai data obtainable. Applying these corrections 
we have; 


Itkm 

Value of product per eniployop 
Capital per employee.. 

Capital per dollar of material 
Wages per employee, 80. 


Ul.AST I''rR.NACEH S'l'EKL M1I.I.H 

$11,8.50 00 $0,7H0 00 

17.:i2.5 00 0,.‘lf)7 (H) 

1.05 1 87 

1,408 (K) 1,800 00 


' The Blast Furnace Branch 

Under the specification set by the chemist or metallurgist, t.lu; 
operation problem is mainly that of handling mat.(‘rials. Routing 
of material is fixed by construction of the plant, and materials 
must move in exact conformity with the quantity fatdors deter¬ 
mined by process. Under good standard conditions every ton of 
••iron produced calls for about 2 tons of ore, ton of limestone for 
flux, 1 ton of fuel, and 4 tons blast (air). The outgoing items are 
the ton of, iron, ton of slag, and 5} 2 blast, the last in 

the form of'a gas valuable as fuel and us(‘d in the power plant. 
For a 500-ton furnace this means handling daily, for long con¬ 
tinuous periods, about 1,7.50 tons of solids, 750 tons of white-hot 
liquids, and 4,750 tons of gases. 

To accomplish this th<;re must be jirovided: storage for mate¬ 
rials in amount sufficient to meet demands for periods depending 
on transportation of the suppli(is, which means for several months 
in the case of ore moving by lake steamer where traffic is held 
up by cold weather in winter; means for handling the raw materials 

^ Recent chiingcs in the jioliey pf the si eel industry respecting the 12-hoiir 
sliift will modif}' the.se figures. 
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locally in charging the furnaces wi^h proper mixture; compressors 
and heaters for the air blast; piping to take away and purify the 
gas from the "furnace; means for handling the melted iron as it 
flows from the furnace, either ladTt? cars when the iron goes 
directly to the steel mill, or pig moMiug machines when the iron 
goes to the genefal market; means for handling and disposing of 
the slag; and a water supply sysfem for cooling purposes. The 
meeting of these demands calls for both mechanical engineering 
skill and administrative control of a high order. Achievements 
in both lines have been notable, lindcuthe pre-war conditions, 
ore was unloaded fr«m lake carriers at a cost of 4 cts. per ton. 
Labor cost at the furnace plant was down to 50 (d-s. per ton of iron 
produced, ^'hanged wage scales hav(‘ increased these costs 
slightly. Power expiipment has been brought to the highest 
degree of excellence, llotary air compressors, turbine driven, 
are ai)plied successfully. Electric powc'r is used exclusively in 
modern plants for handling and hoisting inateTials. 

For an accurate and complete description of the equipment 
and methods ernjdoyed, the reader is referred to Johnson’s 
“Blast Furnace (construction’’ (Mcdraw-Hill), an excellent 
treatise on the subject. 


The Steel Mill 

The steel making plant and the rolling mill may form ejuite 
distinct sections of the cstablishimuit, operated as se])arate 
ent(‘i prises in re.spect to control and accounting. The steel is, 
meld(‘d to ingot form in the former, and if placed on the general 
market will be rolled into billet form in a '‘slabbing mill.” The 
rolling mill has its “soaking pits” for reheating the billets pre¬ 
paratory to rolling to commercial forms. The billets coming 
from (‘ach furnace “heat” arc marked so as to identify them for 
c.om[)arison wdth the record of the charge and chemical analysis of 
the same. This is of importance in case defective material must 
be traced. 

In steel making, as at. the blast furnace, handling of material is 
the principal feature in ofierating, outside of the fundamental 
work of proportioning and testing performed by the chemist. 
The iron may come in molten state from the blast furnaces in 
special ladle cars or in solid form. * For charging the furnaces, 
traveling cranes of 5 to 75 tons capacity handle the ladles. Small 



72 


MA NAGEMEN T ENOl NEERING 


cranes, 5 to 10 tons, handle th^ scrap charge and carbonizing ore 
from the charging floor. At the‘pouring side, using figures for 
the Indiana Harbor plant aff \leseribed in The Irefti Age. of July 
10, 1019, two 150-ton cran’f's handle Ihe ladles, which run as 
large' as 100-ton capacit.y • ftt'b. In this plant, there are t.en 90-ton 
basic open hearth furnaces, operating with oil’or tar fuel. At 
(.'aeh furnace there is installed*a waste heat boih'r, utilizing the 
hot gases on their way to the stack. A turbine-di'ive'n fan at the 
bas(‘ of the stack serves to draw the gases thiough the' beiiler to 
preve'Tit e’hoking eif the flow away freirn the' st.e'cl furnace. The'se' 
details are' nie'iitieuie'el he-re', neit as enibodyiikg a elescriptiein eif the; 
ste'cl making jireie'e'ss, but siinjily t.ei sugge'st the type's eif firoble'ins 
that the engine'cr must nu'e't tei hanelle the iK've'r e'neling stivam 
e)f riie'tal moving on its way to the rolling mills, anel tei e'ffee't every 
possible' saving in fuel and labor. 

In America the trend of prae'tice has be'e'ii to reelue'c labeir, 
usually at the e'xpeiise eif power for the' machine'ry e'epiijnru'nt. 
This is cenisiste'nt with e'einelitieins lu'ie', where' labeir is high anel 
fuel cheap, whe're'as in l']urope'an eaiuntrie's fue'l is high anel labor 
che'ap. It is neit ce'rtain that the'se' redatienis will continue; in 
this country if present fue*! prices are an inelication. The 
'utilizatiein of waste he'at in the; beiile'is re'fe'rre'el tei is a ste']i eif 
comparative'ly re'e'ent. time's, anel marks the' heat ee'eineimizing 
measures that will e*harae‘te'rize' impreive'd eipe'rating practice of 
the future. 


The building in the' Ineliana Harbeir jilant heaising the 10 
.furnace's, t.ogethc'r with a OOO-tem molten nu'tal mixer employe'el 
in preparing the e-hargos, is 1,000 ft. long. J'he' liuileling housing 
the main mill, a 40-in. machine, is 920 ft. long. This give's an 
impre'ssion e)tthe magmtuek' of moeleiii plants. 

In the rolling mill branch of the' we)rk t he' j)e)ints e)f chie'f intere'st 
are the rolling mills the'inse'lve's, the' elrivieig pe)we'r e'mple)yeel, 
anel the handling of thc' stock from the' billets in the* soaking pit,s 
to the storage e)f finishe'el tnate'rial re'aely fe>r the' marke't.. Up 
to recent ye'ars the he-avy re)lls were' elrive'ii ))y re've'rsing steam 
engines, cross-com])e)und e)r twin. T'he* re'versing e'lectric me)tor 
has since V^ee'n developeel, so t hat machines of se;veral thousanel 
horsepowe;r capacity, (;apable e)f re'versing from full 10 r.p.m. 
ahe'ael to 40 r.p.m. opposite in U J sec. can be secureel. Fre)m the 
large mill performing the firSt. rolling e)peratie>ns, the le'iigtheneel 
billets pass to the smaller finishing rolls, ope'rate'el by small moteu s. 
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In variety and intensity of work, a modern stw*i plant presents 
one of the most compl(;x probUnns in produetion. The insistent 
demand for ivsults in moving mait,«rial teniTs to dull the mind 
to (ialls for (*conoiuy,save as inci‘east?d i)roduetion results in lower 
unit cost. PerfoiinaTice ii'cords aw; of the utmost importance. 
Such records corMituUi the fhacticable* (rheck on the* movement of 
material. Plant desigm^rs have^trive'ii to coordinate capacity 
of furnacei, ca])acity of )‘olls, and capacity of handling machinery. 
It is necessary to know where retardation comes, if at all, and 
performamre n'cords {^ivc the nece'ssary data. 

Although labor hy,s Imm'u cut to a minimum in this country, 
th(‘ human jn-oblenn in tho ,^tecl industry is acute. The work 
is st renuous*in a trying atmosph(‘rc. Hours of work are* long at 
best. Operation must needs be continuous, 24 hr. per day 
and the* full 7 days i)cr w(M*k. Labor cost runs low as compared 
with value' e)f })roeluct, a fa.e*t that teiiels te) e'ause* unre'st. This 
phase* e)f aelmirnstration ele*nianels an iinj)e)i^ant jdace* in the 
pre)gram of t he* ('xe*e*u<ive*. 
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PORTLAND CEMENT 

Portland cement manufacturing is a .synthe'tie* fueye'ss with 
chemical base*. Te) appre*e*iate* the* pre)ble*ms e)f e>y)e*ratie)n and 
e'eptipment., the* pre)e*ess must be unde*rste)t)el in its ge*ne*ral features. 

The usual materials are* lime*ste)ne’ anel shale*. Oertain e)the*r 
re)ck is fe)unel ce)ntaining the* impentant e*le*ine*nts, ne)tably 
marl, whilei alkali waste's, blast furnace slag, e*te*., make* goe)d 
material. 

The chemical e*le*me‘nts e)f the* raw mixture* that are e)f primary 
impe)rtance are* e*ale*ium carbonate e)f the* limeste)ne*, silica, 
supplicel mainly by the shale, ferrie* e)xiele, supplie*d by both, 
aluminum oxide, supjilied mainly by the* shale, anel magnesia, 
ceiming large*!}' from the steine*. 'I’lie prope'r mix is calculated 
from the analysis eif the materials to give propeirtieins of approxi- 
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matcl^ 62% calcium carbonate, 22% silica, and 8% alumina, 
with other elements in small proportion. 

From quarry and* shale pit 4,hc materials arc brought in small 
cars to the crusher i>lant and\hcre pulverized in ordinary ca ushers. 
After this, they usually asc mixed according t o foimiula. At this 
point storage is commonly provided, so that ftom here on the 
plant may i-uu continuously, *24 hr. per day, made nc'ccssary 
by the loss occasioned by stopping the kilns, while th(^ quarries 
arc operated on the 8- to 10-hr. day plan. The mix goes through 
the dryers (mixing may be done after drying if moisture content, 
varies) and t hen to th(' raw grinders. Two ntethods are employed 
in the raw grinding, some using the dry and some; the wet fu’oeess. 
The latter seems to be gaining in favor. Ball arid tulx; mills 
are em{)loyed in the wet jnocess, the first coarsi' grind being made 
in what is iialled a Kominuti!!*, a form of ball mill. In the drj^ 
process thi; (Iriffin mill is often used in the raw mill. 

The finely grouad material now goes to the slurry tanks (wef. 
proces.s) where it is mixed with more' wali'r and agitati'd to secure 
complete uniformity of product. From there it is fed to the 
upper end of the kilns, which are cylinders, usually 8 ft. in 
diame'i.er and 100 to ITiO ft. in length, set in an inclined position, 
'lined with firebrick and slowly rotated. Here the material is 
burned to a hard clinker, which drops from the firing end of the 
kiln into coolers which arc smaller rotating cylinders, jierhaps 
6 by 60 ft,., through which cool air is passed. From the cooler 
the clinker goes to storage tanks by bucket conveyor, and thiuice 
to the finish grinding. Tube mills (large, rotating cylinders 
containing flint balls) and Griffin mills are used. Belt conveyors 
are'commonly employial to carry the finished product into the 
storage spacQ for sacking and shipping. Because of variability 
in marketing, due to seasonal demands, large storage is necessary. 

An important adjunct is the fuel mill, wluire the coal is pow¬ 
dered. In certain localities natural gas has been available as fuel, 
but this is passing and all standard woi k must be based on coal. 
The coal is first crushed, then dried in a small cylindrical dryer, 
and finally ground in a mill similar to those used for the clinker. 
A screw conveyor is an effective means for moving the powder 
from the grinder to the burner. The burner operates by com¬ 
pressed air, which blows the coal in a jet into the lower end of the 
kiln and at the same time mixes the air and coal particles so that 
combustion is rapid with high temperature rise. 
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Space is not given here to acc^^rate descriptions of the*e<iuip- 
incnt, but the reader is referred to an excellent book for this— 
Eckel’s “Cerilent, Limes, and PlaStters” (Wiley). 

The leading problems in cement plant construction and opera¬ 
tion arc the following: * • 

Movement of* raw material from quarry and shale pit. In 
some locations topography permits gravity movement of the 
limestone. Outdoor operations difficult at times. 

Selection of raw mill equipment. Opinions diff(;r as to the 
w(‘t and dry methods, as regards ciuality of cement produced 
and economy in burning. Wet process was assumed in above 
statements. 

Kiln operation; lining and fuel pioblems; economy through 
installation of waste heat boilers in dry proc(*ss. 

Power d<?velopment economics. Power is used in large* amounts. 
Electric motor drive now common throughout mill. 

Cleneral maintenance and repair. Wear ftn many parts of 
the equipment is excessive. A w'ell-efiuipptul i-epair shop is 
necessary, wherein is opportunity for effective system in .shop 
management, often neglected. 

Transportation, both in the plant and outside. Incoming 
coal and outgo must be balanced with storage. • 

liubor conditions demand attention, but usually are not serious. 

The process is not as sensitive to the touch of workers as is 
steel making. 

Dust conditions are bad for workers, calling for attention. 

Plant reconls of process steps in production are of simple; 
character, due to this being a single-product enterprise.^ A 
failure in any department at once shows up by effectively stop- 
])ing progress in the next, so graduated adjustments are impossible. 
Mat(5rial must, move at a fixed rate. For the same reason, cost 
accounting is a simple matter of bookkeeping, without any 
problems on distribution of expense, ex(rept as betwt'cn different 
departments. 

C’ontrol of quality—a technical matter mainly chemical, 
involving the mix, kiln temperatures, grinding, and admixture 
of gypsum to retard the set. 

The preliminary design of a ptntland cement plant involves 
matters which were discussed briefly in (’haptcr III. With the 
marketing question settled favorabN, there must follow a careful 
study of the supply of materials. It is an industry that is bound 
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in location to the source of nyitorials, limestone and shale, or 
})last furnace slag, as the case may he. If the former, a favorable 
site is oiH' so placed t^iat the sfdne will pass to the mill by gravity. 
Topography is, therefoie, a.n imi)oitant eonsidcaation. Fuel 
supply follows as an ehaiicnt bf significance'. 

The balance of production factors, accordifig to the 1919 
(Vnsus n'turns, is as follows: ' 


Viiliio of products 

Addc’d vjiliio . 

('iipit:il ... 

Added v.-due per !iS],(K)() of value 
Employee's per $1,000 of added value . 
Value of ])roduet, per enijdoye'e- 
Wages jeer employee .... 

Powe'r per emjeloyee, honsejaewer . . 

Capital per employee. 

Capital per dollar of material 
Quantity of jiroduet. i!t $2 per liarrel 


.$17 r ), 201,010 
.$ Oo.T.iri.lJO 
,$271 .200,2.^)0 
.11.')40 
200 
.$t),K 00 

$1 ..‘too 

lit 2 
.$10,000 
$.•1 11 
.S7, fit)'), 000 


The following figtiri'S are ftiirly represt'iitativt' of constrtict ion 
and operating costs for a modern mill of dtiily capticity of 2,600 
bbl. The site reft'rrt'd to is oru' where liiiu'stont' and shiilt' occur 
in superiinpost'd strata, so jilaced that movement of most of the 
material to the crushing mill can lie ellccti'd liy gravity. 


Land .... . . . .$ 

Development of site 

Water .supply .... .... ... 

Temporary structures .... 

Quarry equipiiH'nl, including liaulage 

Buildings; ('stimateil on ltasi.s of simple steel construction willi 
in.side waljs jilastered on metal lath, exeept cement storage, 
which is .solid* concrete, and office hiiildmg of brick: 


Office building ... 

$ 30,000 

Cement, warehouse . 

100,000 

Main mill, 120 by :i;i0 by .‘50 

O.'i.tKK) 

Eini.sh mill, 00 by 100 by :{0 

27,(H)() 

Mixing and drying mill 

27,0(M) 

Crushing plant .. . . . 

7,2(M) 

Power building . 

3.'5.000 

Coal plant, storage and pidverizing 

22,.'')fM) 

Machine sliop and i)lan1 oflic.e 

18,000 

Connecting structures . 

2.800 

Quarry houses. 

2,,')fK) 


2.*). 000 
l.^i.OOO 
27.000 
10,000 
40,tK)0 


.$ .‘137,000 
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Main process equipment: 

f 

# 

6 Kilns, 8 ft. bv 125 ft .. . . . . * . 

$ 76,8(X) 


Kiln linings. 

• 7,200 


Raw mills (Kominuters) . . 

Finish mills: 

36,000 


Tube mills 

33,6fK) 


(.Iriffin mills . • . . * 

(Last item incluch's coal mills.) • 

25,600 


Hall mills. . 

28,000 


Rock dryer ... ... 

4.(M)0 


Cloal dryer . 

3,2(H) 


Clinker coolers, 2 . . 

7,200 


Itock crushers . ^ . 

6.(KK) 


(kial crushers 

1,0(K) 


EIevators»and cituveyors 

7,()fK) 



$ 

229,2(K) 

Installation . . 


40,0(M) 

Foundations and special construction 


.50,(K}0 

Power plant equipment, 2,000 kw. at .$1.")0 


3(K),0(H) 

Temporary powi'r during const ru<“tion 


15.000 

Electric motor application 


75,0(M) 

M.ichine shop equipment . 


;i5,0(K) 

Miscellaneous null and oflicc equipment 


.30,000 

(\mtingent, ft'i of equipment and construction 


55.000* 

Engineering and supervision, tP’, 


66.000 

Changes during adajitation period 


75. (KH) 

Organization expenses 


15.0tK) 

Interest during construction 


.50,000 

'rotal cost 

$1.489,000, 

OcKii.vTi.vo Exi’i!;.\.siis, .\n.vi' 

.\L , 

• 

Labor: 

(Quarry, 2S men ... 

$ 33,600 


Main mill and power, i)5 men . 

.. 128,250 


Extra kiln and power men, Sumlays and holulays, 

26 9,360 


Cieneral repair gang, -15 men .... 

67,5(K) 


Yard gang, 12 men. 

16.200 


Machine shop force. 9 men . 

16.2(K) 


Stock room and packing, 30 men 

40,950 


Miscellaneous, 15 men .... 

15,(K)0 


Superintendent and oflicc force, 6 men 

12,460 


Engineering and chemical service . . . 

• 

12.100 



'J'cjtal service 


$351,620 
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Supplied; v 

Sacks, basis 1 month’s output ^ . $ 17,750 

Kiln lining material.^ 10,000 

P’ucl, 55,700 tons at $4 .. ^ 222,800 

CJypsum. 10,000 

Kcpair parts, 3% of equipnmnt* 30,000 

Miscellaneous..... * *52,000 

« - 

Total supplies ... 312,550 

Ailministrative and general expenses, including salaries, sales 
expense, oOlcc expense, water supply, freight and express, yard 

maintenance. ... 75,000 

Machinery replacement and emergency * 15,(KM) 

Fixed charges: , 

Interest on bonds ($1,(X)0,000).. 50,0()0 

Insurance 1 of machinerj’^ and buildings 12,090 

Taxes, 11'^% on *1,500,000 . 22,500 

Depreciation; 

Mill machinery, 8%. . * 17,720 

I’ower machinery* 5^? 15,000 

Machine shop, 2,100 

Buildings, 2*;; 0,740 11,500 

f 

Totaloperatingexpen.se $ 911,220 

V.)utput, 2,500 X 300 days at 90% cajiacity, barrels . 075,000 

dost per barrel. . *1 35 


It is to be noted that th{^ above estimate does not inelinle 
dividends to stockholders or any surplus which a j'^ear of practi¬ 
cally full-time operation should yield in order to make good on 
dther years of poorer demand. Any such (‘stimat.e is subject, 
also,* to errors incident to varying w’age scale, fuel costs, (‘tc. 
Each dollajc difference in cost of coal means a difference of $0,081 
in cost of cement. 

LEATHER TANNING 

The leather manufacturing industry yields another important, 
material. It is an industry neither synthetical nor analytical, 
strictly, although under the tanning process the hide does absorb 
some of the treating materials. In the main, the process serves 
to change the condition only of the raw hide, altering its properties 
to a considerable extent. The process materials in the present 
state of the industry are varied in kind, and the change in this 
respect has had a striking effeH on the manner of conducting the 
business. Under older conditions, when hemlock bark was the 
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chief tannin bearing substance* eniployeci, it wajj cheaper io ship 
the hides to the locality furnishing the bark. Now it is easier 
to ship the tanning extract; but.i^nce hides are readily trans¬ 
ported also, the origin of raw materials has a minor influence. 
Enterprises are located with reference; ^o other imi)ortant factors, 
therefore, largely those of established precedents or habit. It is a 
unique industry, in that the finivshed product is shi[)ped as readily 
as the materials. In producing certain kinds of leather, however, 
especially sole leather, bark is still emifloyed, so there is reason for 
that branch remaining concentrated in the Milwaukee-Chicago 
district as it does. Under these conditions it seems strange, at 
first, that many important sho(^ manufacturing towns -Si. Louis, 
for instance*—produce no shf)e leather at all. 'I’he reasons have 
already been given, however—the shoe industry following market 
and leather being easily shipped. 

There are numberless classes and grades ol leather, so that in a 
(consideration of process for the purpose of bri]yging out industrial 
elements in the organization and management of an enterprise somt? 
one class must be (chosen. It may be noted that a sort of classi¬ 
fication may be made on several different bases, each having a bear¬ 
ing on process. One such is to distinguish between “finished” 
and “unfinished” k'athers. Another is on the point of a leather, 
being whole in thickness, or split. Another is on the basis of 
leathers tanned with vegetable tannins, on the one hand, and 
with mineral base material, on the other. Chrome leather, which 
supplies uj)per leather for shoes almost entirely, is the best example 
of the last variet 3 \ Of the finished leathers there are three 
marked varieties; namely, sole leather, chrome leather, and S. 
general class that may be called “oak” leather, used for a great 
variety of purpos(>s, including belting, harness, saddles,»and many 
kinds of leather miscellanies. This last variety will be taken as 
the basis of what follows, although in matters of process most of it 
would appl^' to sole leather. 

The jiroc.ess in bare outline onlj", without consideration of 
alternative methods or iK'vver practices adapted to newer tanning 
materials, consists of the following steps; 

Soaking .—Mechanical treatnumt in water, liotating drums 
or tumblers emplo^ved to hasten process. C’hemical assistance 
sometimes provided, in form of one-tenth of 1*^,' solution of 
caustic soda, or otherwise by w'gak acid solution, or simple 
salts. Purpose is cleansing and softening. 
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DeptUUion, or^ Dehairing .—Several methods employed. The 
most representative employs Time in the form known as milk 
of lime, with small amount of, caustic soda or sulphide if the hides 
are difficult to treat. The liming process requires from 14 to 21 
days. Tlie three-pit system js commonly used, the hides remain¬ 
ing in each not less than 3 days. They are haultKl (removed and 
})iled for a few h(mrs) each day»in the first pit, and once for each 
of the others. Use of warm water hastens the process. The 
last pit contains fresh liquor. Harness leather is given longer 
tr(;atment than sole* leather. Light skins are given modified 
treatment. Swelling and jilumping occurs hen', as well as the 
separating of the hair cells. The mechanical part of dehairing 
is performed best by hand, but extensively by machines. See 
Hennett’s “ Manufacture of Leather ” (Van Nostrand), and Rogers’ 
“Industrial C’hemistry” (Van Nostrand). 

Deliming .—After the dehairing is comiileted the hides must be 
cleansed thorougl\)y from all traees of lime. “Puering” oi‘ 
“bating” are terms used. The hides are kept in pits of liquor 
for several days, with freiiuent hauling. 4’he liquor is commonly 
a solution of bird or dog manure, but in re(;ent years a chemical 
bating, material has been used. The action is partly eln'mical 
jind jiartly bacterial. The process involves considerable handling, 
so-called “rocking,” calling for some power e(iuipment; also 
overhead conveyors. This is an inqiortant step in the process. 
Pure soft water is called for. When process is completed, a 
thorough washing is given and the hich^s sent to the tanning 
room. 

• Tannage .—There is great variation in respect to both methods 
and‘materials. In the main, the hides are hi'ld “over sticks” 
in a weak*'liemor, to which fresh strong li(j[uor is added every 
2 or 3 days, tor a period of perhaps 18 days, with frequent han¬ 
dling to secure uniformity. They are t hen packed in “ lay-aways ’ ’ 
■—pits of tanning liquor with layers of ground bark betwi'cn hides 
—for perhaps 100 days or more, with variations according to 
conditions and character of goods. This calls for ('xtensive 
pit systems in order to maintain a continuous ijroduction. For 
example, 100 hides per day, in trcatm(;nt r(>(}uiring 140 days in 
full process, means 14,000 hides in the various pits, calling for 
well-ordered construction and heavy invc.stment in stock. There 
are methods that are quicker,, as by rotating drums, but for the 
heavy leather, the time process holds. 



FUNCTIONM. DESIGN OF THE ENTERPRISE 81 

Finishing .—The remaining steps call for consWerablc mechan¬ 
ical work. The leather (no longer hide) is first soaked in water, 
“fleshed’' or'shaved, then dried,'dipped in tallow or other oil 
for “stuffing,” dried out in a series*of high temperature rooms, 
worked out to soflcm in drums, streT(!hed or “set out” on tables, 
worked by hancPor by macjhines, or both, shaved for uniformity 
in thickness, colored by dyes or*surfac(^ blackening, and finally 
trimmed to market sizes ami sorted for the spe(;ial grades and 
classes. Several machines and overhead monorail and trolley 
carriers constitute the mechanical e(iuipment. The refenmee 
books noted above ^^ve information in more detail on all phases 
of ih(' process. 

l'\)r a more definite view of the industrial establishment, an 
(‘xample l)ased on actual optTating (ionditions for a moderate 
plant in the j)rc-war period will be given. The leather business 
is one of great, variations, so that. (Vuisus averages are of lesser 
value. I’hen' ar(‘ many processes einploytng a variety of 
tanning sul)stances, for which the demands of the physical 
plant, diffc'r mat.('rially. The value of hides is another factor 
subject to pronounced chang(‘s from A'^arious influences, so it is 
imj)ractical)l(‘ to do more than give a single instance that will 
illustrate some of the im])ortant relationships, but which may* 
not be tak(‘n as a financial guide on absolute values. 

The plant is one [noducing “oak” leather for harness and sad- 
dl(Ty us(‘ in the main. The value of product, actual sales value, 
is S.'iOO,()()() per y(‘ar. 

The capital necessary to build and e(iuip the plant, including, 
the amount tied up in hides in process, is about ,^r)r)t),Q0l). 
.Assume $300,()()() stock investment and $250,000 in bonds and 
loans. If handling the larg(M- beef hides, the plant will turn 
out 00 to 100 p(‘r day, calling for the employmemt of 85 to 90 
persons in all branches, including tlu* offices. About 250 hp. 
will me(‘t all (hunands for power and pumping about the plant, 
unless the water supi)ly is esi)eeially difficult to secure. The 
vvatt'r sup])ly is of first significance, both in quality and quantity. 
For this plant the consumption will be not less than 250,000 
gal. per day of soft, clear wat(*r. Treatment for softening and 
filtering is usually necessary. Electric motors should be used 
for general service of machimuy, but the need for heat in various 
st.eps of the j)rocess requires steslm equipment, h^ngines or 
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turbines with Mgii pressure exhaust are likely to prove most 
adaptable. 

The plant will require a bttJlding with a ground' floor area of 
25,000 sq. ft., about half of which must be of two-floor construc¬ 
tion to provide drying aud finishing rooms on the .second floor. 
The process calls for hemlock and oak bark sfted storage in a 
yard of not less than 3,000 cords capacity. 

Operating exjM'nses are about as follows: 


Materials: 

Hides..... $.340,000 

Procc.ss materials 13,000 

Fuel. S,/)00 

Miscellaneous supjilic'' J, 500 $.302, .500 


Labor. 02,0(M) 

Administration expense. 10,000 

Sales expense, including freight. 15,000 

Interest on loans, boifds, etc., C^% of $250,(K)0 1.3,000 

Insurance and taxe.s, 2hl% on $.300,000 7,5(K) 


Total expenditures $470,000 

Income,from Sides .500,000 


Net income. $ 30,000 

Dividend of .S% on .stock (assumed 1 24,000 


Surplus . $ 0,000 


PAPER AND WOOD PULP 

The paper and wood pulp industry is one of tlic largest in 
this*^ country, and presents many uniijue fcatur(;s. The proccss(*.s 
call for heavy capital expenditures in the form of machinery 
equipment, so that the engineering activities as.sociated with a 
large cnterjirisc assume much greater proportions than is the 
case with many. 

Mention has been made already of the fact that power and 
raw material demands have forced the large paper mills back into 
the woods to water power sites on the rivers. This means that 
early in the formative stage of a new undertaking, extended sur¬ 
veys and studies of power and transportation possibilities are 
necessary. These determine the location in the local sense, and 
usually figure largely in the determination of the general condi¬ 
tions. It havS be«Mi scon that this is the greatest power user of 
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all the industries in proportion lo created values, f Power ddvelop- 
raent, once the location is fixed, constitutes, therefore, the next 
step in geneiial plant design. Tg^ccomplifeh this successfully, 
the processes must be understood, •especially with reference to 
power demand. Wood pulp paper bo made; the basis of 
the analysis. 

First Step—Manufacture of Hulp.—There are two distinct 
p)-occsses—the mt'chanical or ground pulp process and the chemical 
process. The latter includes s(‘veral types, such as the sulphite 
process and the soda process, both of which are subject to minor 
variation. 

Th(> mechaui(?al pro(!(‘.ss is pur(*ly what the nanui imi)lies. 
'I’he wood is cut into short lengths, not ovt*r 2 ft., cleared of 
knots and d(‘cayed portions, and bark(*d. The sticks are then 
placed in containers where hydraulic pn'ssure forces them against 
a rapidly rc'volving stone which grinds away the fiber in the 
f)7’esence of a stream of watei- whicli wash(‘.'i the ground mass 
away through strainers to a sump, from which pumps convey 
the heavy fluid to the tanks for treatment. It req\iires 45 
hp. to grind 1 ton of pulp in 24 hr. of continuous operation. 
No effort is made here, or latei’, to s(‘paral.e the wood fiber from 
th(i starch and other intercellular substances, so that a bleaching* 
tr(*atment of the pulp is not jmssiblc. This makes neccs.sary 
the use of only the light-colored varieti(‘s of wood, such as poplar 
and certain varieties of si)ruce containing little re.sinous matter, 
d'he grinding process jiioduces a short fiber, so that paper made 
from 1 his pulp alone is soft and of low strength. It is used mainly 
for newsf)aper stock, for which it is mixed with the longer fiber 
sulphite pulp, as noted later. Ii not used at once for this pur pbse, 
it. is pass(‘d through the mixing tanks to th{‘ flow box abd thence 
to th(‘ forming cylinders, as will be described later in the pai)er 
making pro(!ess. From here it is carri(*d in a thick sheet to dryers 
and rolled out in heavy sheets, that may be either folded flat 
or wound into rolls for transportation to the paper mill. 

A moderat(‘-sized mill producing 25,1)01) tons of pulj) per year 
recpiires 3,000 hj). for the grinders alone. Additional power to 
run the saws, barking mill, conveyors, spare grinders, pulp 
pump, mixing paddles, forming cylinders, centrifugal pumps, 
and rolls amounts to about 0,000 hp. plus several hundred horse¬ 
power of boiler capacity for drying. This, it is to be observed, 
is to produce the unformed and bulky pulp only- not paper. 
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The excessive jwwer demand for producing a relatively low- 
value pulp makes the process impracticable, except as cheap 
water power is available. If ,a good water supply,under natural 
head is not available for wt'^hing the pulp from the grinder, the 
costs of pumping would Jiav^j to b(‘ added. 

The sulphite process is more complicated, Iwt yields a much 
more valuable pulp. The chemical phases will be touched upon 
only incidentally, the aim in this discussion being merely to 
bring out the main features of plant layout. In all chemical 
processes the wood is prepared by chippjng it into small, thin 
pieces the size of a silver quarter dollar, or slightly larger. "Hie 
ehipfiing machines correspond to the grinders of the mechanical 
process, with revolving cutters instead of tlie stone.* SonK'what, 
less power is required per machine and the capacity is gn^ater. 
In straw and other similar fiber mills no preparation ol this sort is 
necessary. The material then goes to large cylindrical cookers 
or digesters, whiclj are st eel sheels with lining material suitable to 
resist the cooking litiuor according to the jirocess employed. 
To this point the statements ap[)ly to any chemical jirocess. 

For sulphite pulp the liquor is prepared by burning sulphur in 
ovens or furnaces and passing the sulphurous acid gas thiough 
, tanks of milk of lime, or through towers containing blocks of lime 
over which water is flowing. A typical litpior contains 2'of 
free sulphurous acid, 1% of combimal acid, and of lime. 

The amount of sul[)hur used varies from 250 to 400 lb. per ton of 
pulp, according to the character f)f tin* wood, about 2,500 gal. of 
liquor being employed. The equii)ment includes a carii('r for 
'charging the digester with the wood and pumi)s to handle the 
liquor. 

By thc^'c^uick cook” method the pulp is digested in 8 to 9 hr. 
under a steam pressure of 80 to 100 lb., maintained by connection 
with boilers. The steam is turned directly into the digester. 
When strong liquor is used, the pulp produced is soft and easily 
bleached for white paper. Weaker liquor produces a strong, 
dark-colored paper used for bags and wrappers. 

By the “slow cook” method 30 to 48 hr. are required. Heat is 
applied by steam at about 15 lb. pressure, circulated in lead 
pipe so that water of condensation will not mix with and weaken 
the liquor. An especially strong paper results, but the process 
is so slow that it is employed only for special grades of 
product. 
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The soda process is similar, as njgards mechanical iiihUiods 
employed, to t,he “ quick cook ”, acid sulphite process. The licpior 
is a caustic, soda solution of a density of froih 8 to 10°Be., which 
calls for about GOO lb. of the* cluaniftil per cord of wood treated, 
yielding 1,200 to 1,G00 lb. of {Mr-dried pulp. The soda is 
purchased in tht form of sOda {ish, which, in combirnition with 
milk of lim(', forms the sodium l^xlroxide. (Ireat c{ire is necc's- 
sary in the soda procc^ss to avoid injury to the fiber. 

.'\ftor dig(‘sting by any of these methods, the mass of pulp and 
liquor is blown out of the dig(;ster by sto{im into banks, and 
washed thoroughly, the washing requiring as much .as 40,000 g{il. 
of waiter per ton of pulp. If it is to be tr:ins])orted to {i pajXT mill, 
lh(‘ piilj) is'stiaiined, sipua'zed, {ind rolled into slua-t form, {is 
described before, (’ombined pulp {ind paper mills, that mix two 
or more grades of f)ulp, usually nmke only one kind :ind purclnisi* 
the other. I'liis means that kargi* (piantities of sulphite pulp are 
shijiped to jaipi'r mills for mixing with mwclniniiail jml]) for 
nmvspaper stock. 

The Maniifdrturc of Paper- The n(‘\v.sj){q)er stock business is 
r(*j)rescnt{itive ami constitutes a large' fraction of the industry. 
Commonly, it is in.'ide from {t mixture of 70 pjirts mecli!inical 
{ind .‘iO parts sulidiite ])ulp. .\bout eight jxirts of china clay for * 
body {ind .snnill {imounts of glue or resin for sizing are added. 

The first, stej) is tlu* bleaching of the pulp. This is done either 
by chloride of lime fir by a solution of hypoehloride of sodium or 
m{ignesi{i. 'Fhe latter is pr(']){irefl by f'lect roly zing sodium 
chloride, forming in solution the hypochhiride. Four to five 
thousiind kilowatt-hours {ire rt'fpiired per ton of chlorine treated, 
k'orty to eighty pounds of ehkirine, according to conditions 
in the digesting iirocess, will bleach a ton of air-drie^d ihilji. 

After bleaching, the pulp mixture goes to the beater in thin 
lifjuid form, where it is mi.xed thoroughly, tln'ii to the (low box 
.‘ind the forming cylinder. This latter is {i slowly n'volving 
cylinder with iierforated surface, which picks up the pulp and 
allows the water to flow through to the (lenter. A centrifug{il 
pumj) is used to keep the water li'vel insidf' the cylinder several 
inches lielow that outside. The speed of tht' roll regulates the 
thickness of the sheet of pulp, which passes under a felt “ squeeze ” 
roll at the toj). Tlie felt picks up the sheet {ind carries it over a 
suction box where more w.ater is renioved, df'livering it finally to 
press rolls, whore the hast mech{mic{il act for cxpi'lling the water 
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is performed. After pressing, the pulp sheet is strong enough to 
leave the felt, and in this form is taken through more rolls on its 
way to the dryer. ' The dryju- consists of a series? of cast-iron 
rolls heated with steam ofu gradually increasing temperature, 
from which the sheet, goes to jthe calender rolls, which are of veny 
smooth chilled iron. It is now paper, with a fair surface. 

The above steps are n^presentative of what takes place, but the 
description is not complete for paper making on modern machines. 
The Fourdrinier machine is the leading type, for descriptions of 
which see Rogers’ “Industrial Chemistr}' ’’ and Ooss and Hevan’s 
“Paper Manufacturing.” 

The fine grades of paper are produced by refined proiiesscs. 
some of the finest from cotton or other long-fiber palp mixtun's 
by delicat(‘ hand operations. J'\)r present purposes we need go 
no further in description. 

Power demands continue throughout the plant. 1( has been 
seen that steam is re{iuired for dig(5sting and drying, so that a 
boiler plant is necessary, however plentiful the supply of j)Ower 
by water. In many plants steam engines are used to drive the 
paper machines, foi- which service they are fitted by reason 
of the close degree of speed regulation that can be attained in a 
. prope^rly desigiu'd engine. There is a large amount of wood 
refus(i available for fuel, so that, the amount of coal purchased 


is relatively small. 

Much of the material moved in the plant is in liquid or semi- 
li(}uid form, calling for many special pumps. These may be 
steam or motor driven, l^arge floor space is required for opera¬ 
tions, and considerable storage under cover for pulp and chemicals. 
A very large amount of outtloor storage is necessary for logs 
accumulated during the winter and spring seasons. This calls 
for tracks on which to move the timber both before and after 


cutting to length for grinder or chipper. Quite commonly water 
in flumes serves instead of tracks for this .service—water power in 
a direct form. 


The heavy service, and the corrosive action of chemicals in 
some measure call for extensive repair shop equipment. Sonu* 
of this equipment must be for very accurate work on rolls and 
clo.sely adjusted paper machinery. 

Labor is variable in nature. A few highly skilled men an; 
required in each division—Qspecially at the cookers and paper 
machines. Several skilled millwrights and machinists are neces- 
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sary. Many unskilled workers are employeu, and here the 
labor turnover is usually large. Much depends upon trained 
chemists and the superintending fwce. 

The following financial analysis is representative of conditions 
under pre-war prices. Since the vfar» prices of paper have fluc¬ 
tuated considerS,bly, so no attempt is made to adjust the figures 
to present conditions. Th(‘ stalllemcnt covers construction and 
operating costs for a combined pulp and newsprint paper mill 
prodiKung mechanical pulp and purchasing sulphite pulp for 
papen- mix. Capacity, 25,000 tons of paper per year. Location 
is at waller power .site on a stream that will float the major, 
portion of the lumber from the timber lands to the plant. This 
means the manufacture of about 20,000 tons of ground wood pulp 
and th(^ purchase' of 8,500 tons of sulphite pulp and 2,500 tons 
of china clay and sizing material as the major raw materials. 
Total power requirements will be 9,500 hp., of which 7,500 hp. 
may be generated from water. With an effective head of 60 
ft,, on the turbines, allowing 70% over-all efficiency, this calls 
for 1,575 eu. ft. of water per second. 

Tn the initial survey, it may l)e assumed, it has been found 
b'asible to store the wood, in the form of long tree trunks* which 
are floated t.o the plant on the river during the spring high-watei* 
season, in a semi-natural lake on the upper level, entered by a 
channel cut from the river. This provides log storage at a 
cost of $50,000 spent in cutting the canal from the river and 
damming an outlet ravine to impound th(^ water. This construc- 
tion forms a portion of th(' head works in the water powe;’ 
development. 

Financial Analysis 

Income «»f company (manufacturing plant alone), 25,(M)0 tons ^ 


*S().$2.(X)0.(KK) 

Investment, not including timber lands; 

Land at site, including power privilege..? 20,000 

Power development, 7,500 hp. ® $90 675,000 

I/jg storage, noted above. 50,000 

Steam power equipment, 2,000-hp. bt)iler capac¬ 
ity, 500-hp. engines. 75,000 

liuildings, 108,600-sq. ft. floor (at $2. 217,000 

Equipment. . 750,000 

Organization expense 100,000 

Engineering, 10%.. , 190,000 

Loss on initial operation, experiments, etc. 200,000 

Stocks on hand and cash. 350,000 2,627,000 
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Opcratir^g costs, iiiiiDoriiils: 

Pulp wood (liiisis of pijrcliasfi froiri’outside) .‘JO,000 


c(.rds at $0. c.. *.$1K0,000 

Sulphite pulp, 8,000 tons at $70^'"*. 5(>0,o!)0 

China clay, 2,000 tons at !|;2r> . *. TjO.OOtl 

Ijitnestono, salt, and niiscasllaiK'ofis clicinicals J0,(ltt0 

I'liol; • m 

8,000 tons coal at .It; . o dS.OOO 

r»00 tons smith an<l fojindi'y coke . . 11,(MH) 

Jaihricating oil and other j)o\\er supi)lics, 0,r»(K) hp. 

at$r). . . i 7 ,r.oo 

Miscellaneous supplies .i. In,000 01(1,oOO 

Jjaltor; • 

Salaried oflicials, 02 at $;!,000 ... tKi.OOt) 

Wage earners, 4(M) at $000 . OOO.OOrt -irili.OOO 

Maintenance and repairs; 

Ihiildin'gs and i»ernianeid structures, 2'... $ 12.0tMI 

lOiiuiiunent, T)*;; of $1,102,500 . .58,125 7t),215 


(W ater jiower de.velopnient cost divided eiiually 
lietween juTinanent structures and (‘(luiiunent 1 
Depreciation: 

Huildings and slrueturcs, P jc;. ^ 9 000 

Equipment, 5. .58,125 07,185 

‘in.surancc: 1',5 nn buildings, ^ of e(ini])iu<‘ni, and stocks 11,180 

Taxes; 1',;. (Ill $1,750,000 assessed valuation . . 17,500 

Interest; SSc oil bonds (assumed $1,000,000) . .50,000 

Total exqieiiditures and dejueciation resi'i \ e . .. $1,018,880 

Net income. ... 581,120 

A.ssunied dividend 10', on $1,027,000 . 102,7(K) 

llalance to surplus .... $ 218,420 

% 

As ill iiianx inclustrios, the liiiiulliiig, of iiiiiterials is an ok'iiioiit 
of ojioralion that is important. Tlio iitilj) and jpijx'r mills 
deal with a suli.stancc that is being; transformed IVom long; logs 
to a thin liipiid and back again to heavy rolls of paper. Lime.stone 
salt, clay, tind coal must also be handlinl. Traveling craiK's, 
track derricks, buckid elevators, licit conveyors, sciew conveyoi-s, 
pumps, motor trucks, and hand trucks all have their points of 
application. (For a descrijition of several of t,he.se applianct^s 
s(‘e the magazine, JnduHiria] MatiagcmcnJ, F(*bniarv and March 
numbers, 1919.) 

From the standpoint of organization and development, the 
pulp paper business is one of the most complex. Its high-iiower 
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demand makes it imperative that esiablislimeiHs be on a large- 
unit basis, and ev(‘n then operating margins arc small under 
normal price’s. The processes (!ali for much technical service, 
both chemical and mechanical. ^Inginecring oc(!ui)ies a large 
place, as already noted. A matter iiot^Tt mentioned, that mak(‘s 
the undertaking more complex, is that of operating timber lands 
for pulpwood. Most of the lai gP companies have found it lu'ces- 
sary to purchase large tract s of land and to start reforc'st ing methods 
in order that the future sui)ply of raw mattnial for their f)Iants 
may be assured. 

The utilization of pulp, made from wood and bom various 
other materials, is assuming considcirabk; imi)ortanco and is 
likely to increase greatly. The 1920 census gives data covering 
40 establishments with a condjined capital of $17,000,000 and 
a value of product of nearly $24,000,000. 'J’his is in aildition 
to pap('r boxes and miscellan(‘ousi)ap(‘r goods —separate industries 
with a combined capit al of nearly $200,000,000 Mid over $.‘100,000,- 
000 value of product. These articles ndh'ct the tendency to 
meet the growiug needs of the jiopulation by utilizing resources 
that were unknown in the earlier stage's of development. At the 
same time it indicates a possible* me'nae*e' tei the forests, the pres- 
e'rvation of which is be'coming erne* eif the* im]iortant. natiemal* 
preible'ins. 


SUGAR REFINING 


Sugar refining is aneithe'r large* e*stablislune‘nt inelustry with 
many complex and int.ere*sting preicesses calling tor beith engiiu'cr-, 
Ing anel ediemie'al skill cemibined with gooel manage*ment. ISJar- 
gins run low in both e*ane anel b(*et brane*he*s, see that e^e*one>mies 
are carefully stuelied. • 

I’rom the engineering stanelpeiint. elesigners must jirovidc for a 
strie-tl}' ui)-te)-elate anel elficie’iit ste*am plant. Steam is employeel 
for heating, the use of exhaust ste*ani being feasible at seve'ral 
lioints. The sugar mill itself is large*ly elee*trified, so that elee*tric 
power generation calls for care*ful atte'iitiem. In the beet brane*h 
th(*re are usually various aelelitiemal elements to be consielered 
relating to power. Here the sugar mill can op(*rate tor only a 
short i)ortion of the year, 100 to 120 days, and auxiliary service* 
must be considered. Beets are grown in rotation with alfalfa, 
so there are large quantities of the latter crop to be ground and 
handled. Much of the beet croj) of the United States is grown 



00 


MANAGEMENT ENGINEEJtlNC 


on irrigated lancf'in serni-arid regions. This may give rise to a 
demand for power for pumping irrigating water, which is a service 
“off-season” as regards sugar*mill operation. Thost'; combine to 
make an important element* in th(' engineering work. In one 
(),000-ton plant there are* in.+talled 01 electric motors, totaling 
1,008 hp., this including motor drivefi boiler feed* pumps and the 
machinery of the alfalfa fc'ed mfil. 

C^-onfining attention to b(‘(>t sugar, the plant must be laid out 
with first ref(*rence to the process—which imposes certain charac¬ 
teristics. The materials movi; readily to different levels rather 
than horizontally, giving rise to a building with at least three floor 
Itjvels abov(‘ a basement storage for finished sugar. Actual 
floors are not built in continuously, however, since'jiart of the 
equipment (evaporators and filters) extends convenicmtly through 
two floors. Open gallery (construction is preferable at the scccond 
floor. 

Outside storage* for 20,000 tons or more' of labels must be 
provided; also for considerable (piantities of limestone. Kilns 
to burn lime, involving apparatus to make the 00-.. gas for use 
later in the carbonotion st(q)s, must be {)r()vided. Tlie first 
step preliminary to th(c process itself includes washing the, beets, 
•elevating into th(‘ mill, usually to second floor h'vel, w('ighing 
and then putting them through the slicers. Troin lune on the 
proce.ss is of major interest to chemists, and the reader is referred 
to Rogers’ “Industrial (’hemistry.” The following list of equip¬ 
ment items serves to outline the process (Steffen) and also to 
indicate the power distribution. It a[)plies to a j)lant producing 
(),()00 tons of sugar in a season. 


* I’JUX'KSS AND I’oWBlt KtiVICMENT 


Motohs 


Beet slied, picker and conveyor .. 2 

Beet wheel and refuse pulp pump I 

Beet washer. . . . ] 

Beet elevator. I 

Knife files and trailings elcvahir. 1 

Beet sheer. 1 

Lime kiln, hoist, crusher, pulverizing mills and fans, 
blower at kiln, powered lime scroll, CO 2 fan and 
compressors, ventilator fan, elevator 14 

Diffuser battery water pump.’ 1 

Raw juice a.-d evaporator pump.. ] 


IlOHHKI'OWGU 

7 0 
40 0 
10 0 
15.0 
5 0 
40.0 


242.0 

40.0 

30.0 






FUNCTIONAL DESIGN OF THE ENTERPRISE 


91 


Process and Power Equipment (Contifiued) 


• 

Carbonation rqjcciving tank. ^ ^ 

Motors 

•. 1 

HoRHF.POWEI( 

1.0 

First and second carbonation pump . ^ 

1 

75.0 

Auxiliary carbonation pump. 

1 

30.0 

Waste juice j>ump.... • 

1 

3.0 

First hot press, wjibher. * 

] 

5.0 

Hot press scroll... » . 

] 

7.5 

Pump and heater, sccotid carbonation 

1 

5.0 

Heater, sulphur station, thin. 

1 

10.0 

Thick press and sulphur station . 

1 

10 0 

Juice to .second sulphur station.. . 

1 

7.5 

Washer, second hot prijps. 

1 

5.0 

Mud pump and mixer.. 

1 

7 5 

Evaporator c*ndcnsed water pump 

1 

10 0 

(’ontrifugals, white and brown.. 

2 

150.0 

Centrifugal spray.. 

0 

3.0 

Granulator.. 

1 

25.0 

Granulator fan. 

1 

10 0 

Oystallizer . . 

• 1 

7 5 

Sugar meltcr mixer. 

1 

2 0 

Wet sugar elevator. 

1 

3 0 

Dry sugar elevator .. 

1 

5.0 

Bag sewing machine 

] 

2.0 

Sacked sugar conveyor. 

1 

i. r> 

Steffens hou.se: air compre.ssor, cold press pumps, 

agitator, waste water pump, rattler, etc. 7 

175.5 

Pulp dryers, conveyor, feed mixer, grinder, etc 

(> 

72.0 

Water supply service wit h boosters in plant . 

s 

410.0 

Machine shop 

K 

33.0 

flower plant. 

S 

06 0 

Miscellaneous 

2 

8.0 


'I'ho uctunl power consumption is about 90% of the connccjted 
motor load, representing about OOO boiler hp. with modern 
generating equipment. • 

C’ane sugar production differs in many respiH'ts from that of 
beet sugar. It is divided into two distinct steps, the first being 
the production of raw sugar and molasses from the cane, carried 
on near the cane plantations. It is seasonal like the beet industry’, 
the (uop being cared for after the harvest. The raw sugar 
commonly goes to separate refineries, which may thus operate 
(continuously. The process is simpler than with beet sugar, and 
the mechani(«il appliances arc less prominent in the opening 
stages. In other respects the foregoing list of equipment items 
is sufficiently indicative of the plamt in respect to the physical 
features, and so will not be repeated. 
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I'Ik! largo oaru' r(‘fincrios afford illustrations of the highest 
typos of enginooring^work, directed toward fuel economy and the 
elimination of Inbor in handling materials. One'of the latest 
])lants, having ji. cai)acity oV 10,000 bbl. ])er day (350 Ib. per 
barrel) has instalk'd 10,()ft0 ffoiler hj). rat(*(l capneity, operating 
normally at 50 to 75',’ {ib()v(“ rating. This is duly ()()')(> of the 
jiowor indicated ))er l)arrol (%‘ip:icity in tin; be»*t sugar plant whoso 
(‘(piipment is outlined above. The diff('renc(' is du(* in part to 
process—liandling of Ix'ets and slicing not being included and in 
])art to th(* large' size' of tl)e cane sugar establishnu'nt. 

The refining branch is the only one susfr*('f)t.ibl(^ to financial 
analysis, because' e)f the* se'aseeiial character of the' other. The' 
following is fairly re'pre'se'iitative of a, meelium size' of establish¬ 
ment, having a. caj)acity e»f 5,00t) bbl. eef refined sugar j)er elay of 
21 hr. -A barre‘1 weighs 350 lb., see that the total annual e)uf put e>n 
the' leasis of 300 working elays figure's at 202,500 tons of sugar. 
The' figure eef 250,000 teuis is use'd. 

(Significant re'latieenships are: 

Aiiioiiiri of ]■;)« (<• yield 1 Ion o) rclined 

• Fuiil reeiuireul jior Ion of niw suaiir 
Tons I'iivv sugiir liaiidli-d per wam* «‘;iri»cr 
Value of hy-jiroducls, 1.1',' ol \ aliie of n'liiied Mi^at 
V.-iIuo of produe-ls per wage ('ariier 
(‘salaries 1o oflicials ecpiaU 21' ,', of wages i»aid. 

Valueis for 1921: 

Itefinc'd sugar, iier (on . . . 

* Itaw', )>er ton . ... 

« 

• 1n\ l'.ST.MK.M’ 


lnvo.stnieni. in iilanl . $9,250,000 

Inventories, raw .anel refined stocks 3,5fK),000 

\\orlving capital. 5)75,fM)0 

Total capital . .... $13,725,000 

Division on inconie'-earning basis: 

Borrowings on interest at 5.5. ... 3,000,000 

Accounts not on interest. .500,000 

Fixed inve.stnient. .... 10.225,000 

« 


I 22 tons 
0 41 tons 
2,.‘{5S tons 

.$.32, (KM) 


.$10(‘) .50 
$117 20 





FUNCTIONAL DESIGN OF THE ENTERPRISE 


93 


OpEUATiJircj Account 

Income: 

250,000 tons ut, $1()().50 * . . . . !j;4J, 025,000 

By-products,* 1.1%. . 457,S75 $ 12,082,875 

l^xpcnditures: , 

Mjiteriiils: ^ • 

;{05,000 tons raw sufriir X $117.20 .$:{5.750,000 

Fuel, 125,050 tons coal at .$5 _. 025,2.50 

Lime, bone black, clieinicals, etc . . 2,120,000 


Labor: 

Wages to 1,290 eiiiployc(s.s . 1,287,000 

Salaries to ullicials IIOS.OOO 

Fi.xed charges, covering depn'ciation, niainlc- 

naiice, insubince, taxes, 9'^;;, of iilant 8^12,.500 

tiencral expen.se, including sales, but exclusive of 

salaries. 1.50,000 

Clajiital charges: 

lnlere.st, 5.5%, of $;;,000,000 ... 105,000 

Dividend, assumed 7'?;, on $10.2.50,000 *715.7.50 


Total of all expi'iiditiires, including dividend.s 


$11 .9.59,500 


Surplus 


12;}..‘175 


STARCH AND GLUCOSE 


The starch and glucose, or, in coininon ttTiu.s, 1 he corn produci.s 
industry is oru; culling for nnich the .same stud of engineering work 
us .sugar refining. Since corn keeps for indefinite periods under 
proper condifions, continuous operation is the rule, and high- 
gra.d(i (Hiuipment for power generation and ttpplicalion, with the 
best d(‘vic(‘S for handling of materials, is ihunanded for (*fficiency. 
Th(‘ small potato starch factories are necessarily seasonal in 
operation and do not come within the class of enterprises con- 
t(*mplated in the following discussion. Plants using wheat are 
simihir to the corn mills in many resi)ects. 

A plant consuming 1,000 bu. p(T dtiy will be used as a type. 
It is small in com])ari.son with a few modern establishment, but is 
still repre.sentativ(‘ of good practice. It has standard elevator 
storage' for 50,000 bu. of corn, in three 20-ft . diameter elevators. 
In addition to this there are, within the mill, several bins having 
storage capacity for several days run. This is the' first element 
to provide for as tlu^ plant layc^it is being considered, and 
for it about 800 sq. ft. of floor space should be allowed. A 
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Kood Arrangemf^it is to placo this on an upper level, in over¬ 
head bins feeding by gravity in to, conveyors that carry the corn 
on its way to the initial-preflcess containers. Buek(‘t elevators 
from the urdoadiiig chute hbist the corn to thc^se bins, as (!oal 
is handled in large power*plahts. 

It should be undei-st.ood at tb(' outset that tht'Mii'st st('i)s in tli(' 
process involve the use of much*water, so that the e(iuipinent and 
floors are continually wet and the atmosphere lu'avily chargc'd 
with moisture. Such a condition is unsuit.('d to the handling of 
the product in its lat.('r stages. Therefore, t wo separate buildings 
ar(‘ desirabl(‘, one being called tlu* “ w('t starc,h” and th(‘ other t he 
“dry starch” building. In th(‘ wet section, (it) by 85 ft., four 
floors art' assumed. A third building is the fet'd house, tlu' feed 
bt'ing a by-jnoduct of grt'at importance, and a fourth the power 
jdant. 

Tht' water supph’ is a fatdor of jn’init' significance, both as to 
(juantity iind quality. The first (bast'ineiit) floor of the wet 
building is used in largt' part for water treatment anti storage, 
'riit' water usually j-etpiirt's softening and must bt' free from sididiur. 

half million gallons or more jx'r daj' is retpiii’t'd. This means 
that tht' natural wattn* supj)ly is a It'atling t;onsi derat ion in tht' 
•sek'ction of a local itm a matter previtmsly ntdetl. 

4’he chemical trt'atinent need not. be given in detail, as tht' 
following outline ntdes tm t'quipmt'Tit intlicatt^ tht' character t)f the 
process Avith all the aetairacy nect'ssary at this stage. 

Wtitihing— i k)rn from the storagt' bins is carried by conveyor to 
plain tanks fittt'd with motor-driven agitators. Flot>r space 
300 sq. ft.; fourth floor; 2-hp. motors. 


*Si?cc 7 >.s-.—(k)rn takt'u to t ubs anti soaketl in solutit)n of sulphur- 
t)us acitl; 1\) ty 15 tt)ns; 3,000 sq. ft.; tbird floor; ctnai 3 or 4 tlays in 
stet'p; liquor heafetl by steam, in tank above, tt) 120° F. anti 
circulated by gravity thrt)ugh the tubs. 

Evaporator a .—Steep lit]ut)r frt)m tubs is heri^ conct'ntratt'd for 
ust^ later in feetl mill. One large f)an on secontl floor; steam 
heated. 

Degerminators--Corn tt» “fuss mills” t)n secontl floor; two in 
operation; mill consists of containt'r with two vt'rtical planes 
revolving in oppositt' tlirections, bringing ct)rn under motlerate 
I)ressure to squet'ze out tht' germs; 500 stp ft.; 4 motors, 15 hp. 
each. 
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Germ Separators .—The pulpy mass is clevatc-S from tile fuss 
mills to fourth floor to the separators, which are half cylinder 
wood tubs, lying on their sides, Sift, diameter by 20 ft. long; 
water is circulated from the; bottom, «%gitating the mass and carry¬ 
ing the germs to the top, whence thJsy are sluiced off; the heavier 
starch-bearing body of tlu^ corn passes out below; six tubs; 
1,400 sq. ft.; 1 motor, 25 hp. 'Jhe two parts are then treated 
separately, as indicated by the parallel arrangeunehl. below'. 


Stauch Body 

H'o.sAmflr ItocluiiRuliir wood 

tjink.i 4 by 8»ft. with two roliiling 
reels and water sprayed over top; 
9 tanks; (>(>() scj. ft.; water with 
starcli to shakers below; coarse 
inatnriul moved out from bottom by 
screw conveyor; fourtli floor or 
elevated on third; 2 motors, 10 lip. 
eaeli. 

Mill Tallin: f'oarse material from 
reels received, mixed, and stored 
temporarily; 2 wood evlindrieal 
tanks, 10 ft. in diameter; oOO sip ft. 

Buhrstune Mills: (iriiiders; coarse 
stone.s; vertical e>lmdrieal form; (5 
mills; ],.')0() sip ft.; second floor; (i 
motors, 25 hj). each. 


( !krmh 

Wushinff Beds: Same as for starch 
body; 3 tanks; third floor; 2(K) sq. ft.; 
2 motors, 5 hji. each; water with 
starcli washed off goes to shakers. 

Dryers: (Vntrifiigal expeller and 
tlien cylindrical flue tyjie dryer using 
liot air; 750 sq, ft.; 1 motor, 20 hp.; 
1 motor, 10 hj).; third or second door. 

(iervt Bin: Dried germ storage; 
100 sq. ft.; .second floor of feed house. 

Oil Presses: Four double screw 
]»resses; ;i(Kl sip ft.; second flobr feed 
house; 1 motor, 25 hp. 

Oil Refinery: Separate building, 
jiroducing oil for market. 

Remaining mass from presses forms 
gi'rm meal, a valuable cattle feed, 
sold as pres.sed cake. 

(Knd of germ treatment ) 


Shakers - 'fhe semi-liquid mass from the iiul^rslbne mills 
is pumped to the third or fourth floor and di.stributed over 
15 shakers, wdiich are tables about 4 by 10 ft. sid on an incline; 
built, in the form of troughs 10 in. wide, sere(*n bottom; 1,200 
S(i. ft.; 2 motors on line shafts, 15 hp. each. This is repeated 
on “silk’' bott.om shakers on second floor, which are bolting 
cloth screens through w'hich the starch and most of the gluten 
are washed, t he bran residue trailing off the lower end of the 
shaker. It is hen' that the washings from tlu' reels join the 
main current; 600 sq.ft.; 1 motor, 15 hp. Anotlier separation 
takes place here, as indi(iated below* 
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S(.ARCU AND Cv^UTEN LigUOU 

Troughs: Also called *‘I{uns” or 
"'J'uhles.” Liquorfnnn.shakers, after 
n^itatjon in tanks and adjustin^^o 
density of 4 to G" BC., nins slo\ivly 
into troughs havisig very • slight 
incline, 80 ft. long, 20 in. wid<‘, 10 
in. deep, arranged in three decks, 11, 
on each deck. As the liquor moves 
slowly down the troughs the starch 
settles to tJie bottom while the gluten 
remains in suspension and flows olT 
at the lower end, wliencn it is takini 
to the coarse residue mixing lank. 
This equipment is in the range of 
•second and third lk»or.s ttf the* dry 
starch building, and with runways 
occupies ;{S,000 s(j. ft. (In Large 
]>lants the troughs arc often built, u]i 
to 120 ft. long.) The starch is 
shoveled out of the troughs, and goes 
to one of the two following recej)- 
taclcs for treatment, ac.cording to 
character of marketable. i*roduct. 


' CoAitHE Uesidle 

Mixing T(mk: Bran from shakers, 
gluten liquor from the troughs, and 
sleep liquor from evaporators mixed; 
200 .sq. ft.; on .second floor of feed 
house: 1 motor, .'S hp. 

I iU<r Puss: ^lag fillers; 4 hori¬ 
zontal j)re.sses; 1,200 sq. ft.; first floor 
feed house; hydraulic pre.s.surc by 
steam jnimjis. 

Dij/crs: 'IVn cylinders, 0 ft,, in 
diameter, JN ft. long; 2,000 sq. ft., 
first lloor feed house; pipe healer 
and fan; 1 motor, 2r» h]). 

Mills: Two ordinary fee<l grinders 
2.')0 .s(|. ft.; first floor feed house. 

I’roduct -- glutcMi meal. 


A. When it is iiiark(*tod sis stareli, it gfoos to the vacuum 
dryers, whieli are horizontal cylindt'rs, S ft. in diameter by 25 ft. 
long, oquii)ped with vacuum pumps and st(‘am hetited; 9 dryers 
are used; 4,000 sq. ft.; first floor of dry starch huilding; 8 motors, 
rotating dryers, 15 hp. each; 8 vacuum ptiiu]) motors, 17.5 lip. 
each; steam for heating. Product- pearl starch. As alter¬ 
native, a portion (amount according to demand) is thinned 
again with dilute acid, boiled in vats, and j)recipitate<l as high- 
grade starch.^ Product—thin boiling starch. 

Storage and Shipping - The pearl sttirch is bolted and graded, 
and packed for market; 8,000 to 10,000 sep ft,, required, usually 
in a separate buihling; 2 motors (coiiveycir and bolter), 15 arxl 
20 hp. 

B. When the proce.ss is extended to produce glucose it, is 
treated as follows; 

Starch is converted to gluco.se by the hydrolyzing action of 
dilute acids, in which dextrin chang(?s t,o dextro.sc*. C-ominer- 
cial glucose, used extensively in food preparations, is produced 
when the action has proceeded to a point such t,hat about 25% 
of the substance remains in the form of dextrin. (For a full 
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discussion of this, see Rogers’ “Industrial cfiemistry,” pp. 
772-778.) 

Glucose production involves additional building space for the 
conversion of the starch; filt(‘ring the glucose in two stojis, in 
bag filters and bone-char filters, as in refining of sugar; and (!on- 
centrating in vactiiiin pan to a thi(!k syrup. The (;onvorter, v(‘r- 
tical in form, calls for s<,eatn sit ^0 lb, pressure. The syrup is 
handl(‘d several times wit h inim{)s, calling for about 200 motor hp. 
The vacuum jian com^ontrator <\alls for steam for heating aii'd a 
vacuum pump with 2r)jh[). motor. Storage and handling equip¬ 
ment for the barreled syrup corresponds to similar ]irovisions for 
starch. Building space of about 8,000 sq. ft. additional floor 
ar('a is reejuired. 

The above schedule includ(‘s 48 motors of 915 hp. total, ]>ut 
do(‘S not include power for j>umping water, grain elevator service, 
or for miscellaiH'ous service in the plant. The plant has an 
actual instalh'd generating capacity of 2,000 ^:va., 25'’t of this 
being in restu ve units. 


FUR-FELT HATS 


Fur-felt hat manufacturing, im'n’s styles, is atypical manipu¬ 
lative {)rocess, h'aving out of account, all <lyeing or coloring of 
material. I’lant (h'sign is a matter of jjroviding sjiace, equip¬ 
ment, and i)Ower for the sev('ral process steps, where the material 
is adaptable' to move'iuent without fi.xed limitation set by quality 
chara(!teristic.s, excc'pt that in one scries of operations wat.c'r 
is used. In the initial series of oi)erations, moisture is i)rohibited, 
be(!ause it would make' it imi)e)ssible to hanelle the fur. The 
ele)minating prine'iple is to establish the routing of the' ge)oels in 
ae'cemlane'c with e'e'oneuny in oj)eu’ation. * 

The j)re)ceiss may be.' e'onsidered emder the following fe)ur heaels, 
e^orreisponeling in ge'ueral t.e) as many subelivisions e)f the plant, 
which may be se'parate' seedions, rooms, or beiilelings, according 
to the size of the ente'iprise. The space and pe)wer figures corre- 
sponel te) a, plant turning out. 250 dozen soft hats per eiay. Thewe 
will be' used annually abejut 120 tons of rabbit, fur anel 20 tons of 
other materials, which incliule shellac for sizing, leather, cloth 
banding, alce>he>l, and dyes. Large quantitie's of he)t water are 
used. 

Pr cl in unary Steps .—Storage of skins; cutting fur from skins; 
mi.xing; blowing; carding. These must be i)erformed in a dry 
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atmosphere. The blowing is to remove hair from the fur. ('anl- 
ing rolls, called “deYils,’' disentangle matted fur by separating the 
fibers. High-speed blowcrs^tite used, necessitating' good machin¬ 
ery foundations. About 0,000 sq. ft. of floor space are required, 
half being for thij blowinl; and carding; 00 hp. required. 

Forming Series. — a. Forming. Th(i fur is* weighed into a 
cylinder and drawn by suction against the outer surface of a 
j)erforate(l coppt'r cone that is rotated to insure uniform thickin'ss 
of the layer. A wet cloth is wrapped around it. and it is tlnui 
dipped in hot water, followed by working or kneading with 
r(']:)eatcd diiiping to harden the body. There an^ 2-1 machines, 
eacdi rcciuiring 20 hp. for the e.\haiist fan and rotating of cone. 
Floor space, 2,100 scj. ft. 

h. Sizing. ('ontinuation of hardening jm)cess, shrinking and 
molding to size on forms, with alternate wotting and drying; 
numerous rolling niachinos call for about 100 hp.; 1,000 sep ft. 

c. Stiffening. Special machira's for rolling to form; shellac 
us(‘d on brims; 10 machines, 5 hp. each. J^yeing is done in 
conjunction with this sU'p. Space require<l, 1,100 sep ft., not 
including drying room. 

d. Stretching and Blocking. Numerous special machines; 
20 hp.; 000 sq. ft. 

c. (Vntrifugal Drying. 200 s(p ft. 80 hp. 

/. Pouncing, crown and brim s(*parat(‘ly; special Jiiachines 
combing up the nap; 100 s(p ft.; 20 hp. 

g. Drybig room, used repeatcflly in above processes; 1,000 s(p 
ft. All except (f) are essentially wet processes and should be 
ire building separate from finishing stages. 

Finishing —Mostly hand proce.sses of ironing, added [)ouncing 
of brims, rounding, curling, flanging, binding, trimming, sewing 
](?ather bands, final finishing. Small machim's used for ironing, 
cutting, and sewing; 0,000 sq. ft.; 50 hp. 

Packing and Shipping .—900 sq. ft. (leneral transportation, 
elevators, etc., 100 hp. Total, 923 hp.; 20,200 sq. ft. of floor space. 

(For illustration of combined soft and stiff hat plant with 
routing lines, see Day’s ‘‘Industrial Plants,” p. 121.) 

WOOLEN GOODS 

The woolen branches of the gcmeral textile industry must be 
considerca in three parts. Tho production of yarn is the first, 
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and includes the initial preparation of the wool, through the 
spinning process. Many plants are devoted^ exclusively to this. 
The second is^’the weaving of woorf^brics, generally carried on in 
conjunction with the first part. The; complete plant, where the 
raw wool is prepared, carded, spun, And woven into cloth, is 
what is meant, hsually, when the term “woolen mill” is usecl. 
In interpreting general statistics on the woolen industry, however, 
it is ntuiessary to take into account the fact that many of the 
mills which are included c^ari-y th(' process only to the yarn stage. 
The third part is the proilucing of knitl.ed goods. Here, again, 
there is a complication in chussificatioti, since the eusl.om is to 
unite wool, cotton, silk and other kinds of goods in typical knit- 
goods plantvS. In the last group it is the process of knitting, 
similar in its utilization of the .sevenal materials, that dictates the 
scope of individual establishments, while* in the first two it is 
the character of the raw material which detc'riuines the major 
steps in the process. ' 

Because of this division of the industry, it is impracticable* te) 
use (kinsus repeu-ts as a basis for e‘.stimating the cost of operation 
fen* any one of the tj'pes of plants, although figure's for knit-^ooels 
are* reasemably reliable if erne assumes a plant deve)ted entirely te) 
we)e)l pre>ducts. Direct methenls are* necessary, for whierh a 
te)le‘rable degree; of familiarity with the details is reepiire*d. 

In the Ihiited States wool careling and spinning tleveloped early 
in the vicinity e)f Philadelphia, because e)f the large German 
populatie)!! which was active in the* knit-gooels businc'ss. That 
initial start accemnts largedy fe)r the continued promine'nce e)f i 
that elistrict in this cla.ss of proeluctie)n. In a similar manne'r t^ie* 
activity e)f the e;otton fabric inelustry in Now hhiglanel ^Ire'W the 
woe)le‘n fabrie; production into that region. The'se* e^^iite* natural 
tendciieaes are responsible* for the se*gregation which has pensistoel 
in the de*ve*le)pment of all three of the branche's of the geuie'ral 
we)olen ineiusti v*. Anf)thcr influence wdiich has helel it in the 


Atlantic states is the impe)rtance of a hurniel atme)si)he*re* as an 
aid in the* manipulatie)n of the wool fibers in the* process of spin¬ 
ning. This aelvantage is minimized, however, by the more recent 
practieH's of controlling the air condition by artifie'ial me*ans, even 
in the regions e)f high natural humidity. 

In the analysis, a complete mill, producing a medium-graele 
cloth, will be u.seel. The elata may’be aelapted to a mill which 
markets the* yarn by simply st opping the process at an intermediate 
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point, although such a mill should be of larger relative capacity 
to insure cconomicy-l {)peration. ^ Figures are based on carding 
500,000 lb. of wool annually ^fa' small mill), w’hich cttlls for what is 
termed a “six-set” mill, the term referring to the etpiipment in 
the carding room, as will'^be seen later. 

It is impossible to assign a value to wool thal’may be expected 
to hold for an (jxtemded j)erio'l. In 1909 the average price on 
bot h foreign and doiiK'st ic clips, as purchas(‘d by t he manufactiirers 
of Massachusetts, w^as 28.1 cts. i)cr pound. In lt)14, it was 23.5 
cts. In 1919, it was 00 cts. C’urrent. (luotations on wool in the 
mountain states of the West at the j)r(‘sent time (February, 1923) 
range from 50 to 5() cts. What the coming years will bring 
cannot be foretold, but the convenient juice of 50 cts. will be used 
in the illustrative e.alculations to follow. Similarly, the value of 
w’oolen• goods at the mill, both as cloth and as yarn, will vary 
tliro\igh ranges hard to (‘slimate. This variation is due, not 
aloiKi t o cost of 'ihe l aw material ])iit also to changes in the 
wage scale and to changes in the relative amounts of all-wool, 
vvool-and-cotton, cot ton-warj)-\vool-filling, and variable grades of 
“shoddy” fillings in the total of fa])rics jiroduccd. The* figures 
for the Mas.sachuset1s mills were, for “all-wool” goods, $1.00 per 
sejuare yard in J9J9, on an aveiage w(n‘ght of 0.583 lb. pc'r yard, 
and $0,029 in 1914. For the total of woven goods, all variedies, 
it was $1.19 in 1919, on an average weight of 0.529 lb., and $0,322 
in 1914. For the illustrative calculation, “all-wool” goods will 
be a.ssumed, in weight 10 lower t han the Massachusetts average, 

I and a g(‘n('ral })ricc’20';o below the 1919 level. This gives a 
VQ,lue p(‘r square j^ard of 80% of $1.00, furth<'r rcduc(*d by 5 Vo to 
allow forhe reduced weight, or $1.210. 

Wool as purchased will yield about 02% of scourc'd wool, ready 
for carding. This means that 805,000 lb. must be purchased to 
give 500,000 Il>. for use. In addition, tluTo will be jiurchascd 
recovered wool fiber “tops” and other short-fiber wool w'astes, 
to mix with th(‘ filling, lOV^ of the wool in amount, or 80,500 lb., 
at 30 cts. jier jiound. The weight of finished goods, allowing 
a small jiercentagi^ of loss, will then be takim at 550,000 lb., or 
1,047,000 sq. yd. If th(‘ process be stofipcd for the production of 
a high-grad(^, long-fiber yarn for t he knit-goods industry, the 
weight produced will be about 475,000 lb., valued at, say, $1.08 
per i)oimd. 
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From these general data we may proceed, with such degree of 
accuracy as is necessary at this stage in the de^vclopment, to make 
a statement oi* investment and opeili^ing expenditures. 


Investment: ^ 

Land and buildings. * $200,0(X) 

Operating cquiprflent. '*. 400,000 

Power equipment, 750 lij). X $140.. • 105,000 

Working capital. 145,000 

Total. . . $ 850,000 

Operating account: 

Materials: , 

V\W, 805,000 111 (fi 50 els. .. $402,.500 

Wa.stes, etx:., 80,500 lb. at 00. 28,080 

Ohomicals and dyes. 25,400 

Puel (0 lb. coal jier borsepower-bour) .‘{1,2.50 

Mtsccllaneous. 45,840 


Total. .. .530,070 

Service: 

VVage.s, 274 workers .-il. $848 .. . $202,702 

Salaries, ofTicials and clerical . 45,850 


Total . . 27k,.582 

Fixed charges: 

Maintenance and repairs: 

Building.s, 2*;;... . $ 1.000 

Kquipnient, including power, 4',.. . ... 20,200 

Depreciation: 

Buildings, 2';;. 1,000 

Kquijiinciit 5';,'. 25,250 

Insurance, 1‘'i on $750,0(K). 7,.500 

Taxes, 1 } i on $000,000 . 0, tM)0 

Interest, 5.5'.i on $350,000 . lit,2.50 

- 1 

Total of fi.\ed charges. 85.(KK) 

Cleneral e.vpen.sc: 

Iteplacenients and bcttcrincnts.$ 50,000 

Spoiled material, 5‘;; 25,050 

Sales expense, 10% of sales. 127,300 

General office expense. 25,000 

Miscellaneous. ]5,(MK) 


Total general expense. 243,2.50 

Dividend, 10% on $.500,000. .50,000 

Total of operating cost.$1,140,802 

Income from sales, 1,047,000 yd. at $1.210.*. 1,273,1.52 

Surplus. $ 132,350 
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IVoccss steps lo be given consideration as the functional design 
of the plant proceeds include the iollowing, wherein approximate 
amounts of floor space and‘ power are indicated*for the more 
important departments. Tfie flow of material is in the order of 
the processes as listed. * The building would have, normally, 
two complete floors for the a<*tive operations, fkitli a basement 
for storage of raw materials.* A fourth floor above may well 
be provided for the final finishing proc(^ss(‘s and for storage' of 
stocks ready for market. The d(*mands of the carding machinery 
establish an economical width of building.at about 50 It., inside 
in the clear. Heating and st eaming reepiireryents make iH'cessary 
a boiler plant, and it is assumed that elect ric power will b(‘ gener¬ 
ated by means of engines of mcflium economy, the exhaust steam 
from which can be utilized most of the time. The j)ower jflant 
will be a separate building. Electric motors will be us('d through¬ 
out the plant, driving machines individually or in groups, as may 
be best' arranged hi the several rooms. 

Storage of wool calls for 2,500 or 3,000 sq. ft. of space, j)rovided 
with means for humidity control of the air. lender a normal 
condition, w'ool contains about 14^.,, of its weight ol moisture. 
If it'falls below 10%, difficulty is encountered in liamlling it. 
Dry wool suffers loss in carding operations, and the tendency 
to el('(rtrify makes it hard to handle. For 1h(' storag(‘ room, 
the air should have a relative humidity of 00 to 70^,;,. As 
already noted, basement space is adai)ted to storage, both of 
wool and of chemicals and other mateiials to be employc'd. 

Sorting of the wool is a process of great importance. It, is to b(' 
assumed that proi)er care has been exercised in purchasing to 
secure a propc'r h'ligth of staple. The term “staple” signifies 
the lengfh af fiber. Long-stapled wool is used for worsted yard 
and fabric, especially the coarser gra<les. A nuMlium staple 
is used for a finer grade of worsted dress goods and suitings, 
and even short staples may be used for fine worsted by a i)rocess 
of combing porfocte<i by the French. In general, the short- 
stapled wool is used for plain woolen fabrics, although some of 
the longer fibers are \ised. The presenc(! of the longt'r fiber in 
the main stock permits of the use of “noils,” which are recovered 
wastes caused by breakage of the long fibers during the worsted 
combing processes, and of “shoddy,” which is wool recovered 
from soft flannels and knk,-goods. It has been decided that 
these waSiCS will be used to the amount of 10%. The sorting 
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consists in dividing the fleeces of wool into the parts correspond¬ 
ing to the portions of the body of ^Ije sheep-*-shoulders and sides, 
loin and back, legs, neck, etc. The»wool from these parts differs 
materially as to length of sta])lc and a^s to fineness, '^Po do this 
work well, requires skill, ami also a definite program for the run 
of stock through the mill in pi:o<lucing the various grades of 
yarn or cloth. It calls for a well-lighted room of 500 or 000 
sq. ft. of floor space. 

Scouring, bur-picking, and carbonizing are stei)s in the process 
of cleaning and freeing the wool from all forms of foreign matter. 
It is necessary thaf it bo done thoroughly, simie any particles ' 
of such matter remaining with the fiber make lumps which are 
very objectionable in both yarn and cloth. The methods and 
equipment used are extensive and complicated in charac.tc'r, 
requiring a space of at least 3,000 sq. ft. 

The first step is the dusting of the wool, which, as the name 
implies, removes such dirt as can be shaken out dry. A second 
object in this process is to open up the more or less matted fleece, 
so that it will go to the scouring machine in an open, or “lofty,” 
condition, favorable to the penetration of the liquor to >every 
part. The duster is a simple box, of various shapes, with a , 
revolving shaker and a suction fan to carry away the dust. 

Scouring proper consists in washing the w’ool in liquors pre- 
I)ared to remove the grease and other impurities. There occurs 
what is called “yolk,” consisting of true wool grease and “suint,” 
the dried persi)iral ion of the sheep. Aside from the mechanical 
dilficulties which these substances produce, they also prevent" 
uniform bleaching and dying. The agents most commonly u.i'e<l 
in the washing liquor arc carbonate of soda (soda ash), soda 
and potash soaps, and ammonia. The formation of caustic 
soda or caustic potash must be carefully avoided. The potash 
soaps arc preferable to soda soaps, tending less toward hardening 
the fiber. Various forms of tubs and w'ashers with oscillating 
“rakes” to move the wool through the liquor to the carrier and 
squeeze rolls are used, but space will not be taken to des(;ribe 
them. On leaving the washers, the wool goes to dryers, wdiere, 
in air of gradually increasing temperatures, the water is removed 
slowly, so as not to leave the fiber stiff and hard. 

The next major step is bur-picking, during which burs and 
other objects which tend to cling to the wool are removed by a 
machine, in which the active; agent is a revolving cylinder with 
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curved teeth which separate out the foreign matter. While 
not all of the fine pieces can he r(?moved in this way, the larger 
ones are, and the vegetable fnatter remaining is reduced to such 
fine form that it is disposed in the next process. Many types 
of mac.hines have been devised for, this work, descriptions of 
which may be found in books (j(?aling in detail with the subject. 

The last step in t,h(i cleansing process is that of carbonizing the 
vegetable matter remaining in the? wool, already reduced to fine 
form. This is done by immersing in a sulphuric acid solution, 
usually of 4 to 4' 2 ° Be. gravit y. The strength may be varied 
accoi'ding to the condition of tlu* wool, that mentioned being 
as strong as is ever us(*d exc(‘i)t in very abnormal easels. Twenty 
to forty minutes in tin* bath is sufficient time to accomplish 
th(‘ result desired, which is to saturate the vegetable matter 
so that, when dried, it will crumble to powder and be easily 
shake'll out. A dry process is sometimes used, wherein the wool 
is exposed to tlie fumes of hydrochloric acid for 2 or 3 hours. 
Still another proeiess makes use of aluminum chloride, in a 
() to 8® B6. solution. It has several advantages over the sulphuric 
acid process, chiefly in its being less likely to injure the fiber, 
and also in being less olfensive to the workers. It is also free 
from the danger of siiotting the wool with iron rust, since it does 
not corrode iron with which it may come in contact. After 
rinsing and a final drying, followed by a thorough dusting, the 
wool is ready to move on its way through the plant. It is now 
pure and clean, and, if the work has been well done, in open, 

' “lofty” form, with the fibers free from each other, ready for tlie 
cfffl'ding or combing process to follow. 

Mixing of the various grades or colors that arc to be worked 
into the product is the next step. This is purely a mechanical 
matter of building up successive layers of the sevi^ral ingredients, 
in proportions set for the grade of ynrn to be spun, but it must be 
done skilfullj' in order that uniformity may be secured. When a 
pile of the mixture has been built up, it is taken to a machine 
called a “ mixing picker.” The stock must be fed to the machine 
in such a manner as to bring the full depth, made up by the layers, 
to the action of the revolving teeth. The teeth pick off the edges 
of all the layers in uniform lots, and send the wool on through 
the machine. 

Oiling the wool is the final preliminary to carding. In the 
rcpeatcd_treatmenls in acid and basic solutions, washing in water 
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not always soft, and drying, the fiber is almost sure to become 

hard and slightly brittle. If left in this condition, the severe 

action of the’eard would be lik(!ly*t^ break the fibers and the wool 

would not work smoothly through the forming and twisting 

proecisscs. Ehictrical action would also be troublesome. To 
• * ... 
avoid all this, tlu; wool is given a light, application of oil, by a 

sj)rinkling system in connection with the picker. The best 

results are obtained w'ith oliv(^ oil, !)ul,, on account, of the expense, 

lard oil is used more generally. Oleine is anotlu'r lubricant used 

quite extimsively. Fbur to five fiuarts of lard oil per 100 lb. of 

wool give satisfa''t(«’y results. 

The flooi; space re(}uired for the mixing and oiling is not large, 
f)erhaps 800 to 1,000 sq. ft.. 

Carding is, in sonic respects, tlui most .significant ofieration. 
As before noted, it is the; determining process in mill capacity. 
The aim is to arrange the fibers into a continuous ribbon, called 
"roving.” For woolens, the fibcTs are kift'crisscrossed in all 
directions. Enough of the longer staples must be usivl to give 
strength, and these will Ijc found to extend lengthwise in genm-al 
position. 'I’lie shortei' stock fills in among them. For worsteds, 
the proc(vss is quite diffeicnt, and is called "combing,” the aim 
being to arrange the libers of th(! longer stock in parallel positions, 
so that the subseqiu'iit .spinning gives a linn yarn. 

A .set of cards consists of three machines, set in tandem, called 
the "first breaker,” ".second breaker,” and "finisher,” respec¬ 
tively. When the roving comes from the finisluir it goes through 
a "condeiLscr,” being there changed from a flat ribbon to a round, 
.soft CA>rd, and thence to the. balling machine, where it is made 
ready foi- transfer to the .spinning room. , 

(\ards vary in width of the main roll from 30 to*00 in., 48 in. 
being a standard size. This is the clear width through which the 
wool ])as.ses. I'lie diametcT of the roll is about the .same as tlu' 
width, and it is drivcm at a rate to give a .surface speed of 1,000 
to 1,200 ft. ])er minute. Th(‘ length of a complete set is from 42 
t.o 44 ft., and over-all width 7 to 8 ft. A six-set mill will, thcrc- 
for(*, require a joorn 50 by 00 to 70 ft., the cards being s(‘t cross¬ 
wise. (V)nd(ms('rs and balling machines will increase the length 
by a few feet. The weight, of a set is from 15,000 to 20,000 
lb. The total power u.sed in the card room will be nearly 90 hp. 
Tw^o well-known makes of cards arO; the Smith and the Forbush. 
The Torrance balling machine is a much used make. 
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Spinning involves two major operations. The roving from the 
cards, containing soipe surplus material, must be drawn out so as 
to leave the exact amount Ibi- the size of yarn desired. This 
must be done before it has been given more than a very small 
amount of twist, so that th(> fiWrs will move easily on each other. 
A slight twist helps to give a uniform degn'c of (extension, and 
h(‘nce smooth yarn. The s(‘concl step is the t rue spinning i)rocess, 
where the twist is given to convert the material into yarn. In 
this final condition the serrated surface's of the fibers cause tlu' 
proper amount of resistance to prevent • unwinding. Finally, 
the yarn is wound on bobbins and given the final preparation for 


weaving. 

The machine on which these? succe'ssive' actions arc peufenmeel is 
callcel a “mule.” The differences in the proce'sses of preparing 
woed anel ce)t ton are most marked at this stage*, the hanelling eif 
cotton being much nK)re complex. The mule used in spinning 
wool carrie*s the sliindle's on a traveling carriage, which me)ves 
back and feirth, fii st drawing out t he re)ving, twisting it, anel then 
winding up the yarn on the return. No attempt is made here t,o 
elescribc the mechanism, full eletails being give*n in the reference's 
mentioned. 


‘ The capacity of a mule is elesignat eel by the nuinbe*!- e)f spindles. 
Staneiard size's range? from 120 to 400 siiindk's. The mill being 
e?e)nsidcred will require approximately 4,000 spindlt's, so the need 
will be met by using 10 e)f the largest size, or, pe*rhaps better, 
femrteen 300-spindle mule?s, which wemld give a small margin of 
.capacity. The latter size reejuircs about 4 hp., making the* 
pe^er elemand in the room about 00 hp. The spinning room 
is nearly ^s large* as the card roe)m, each mule requiring at least 
120 sep ft. oft'floor space. 

Several adelitional machines arc required fe)r jn-eparing the* 
woolen warp for the weaving process. This involves spelling, 
dressing, beaming, and elrawing in and reeding. The machines 
are known by the first three of these names, the* others being 
largely hand processes. 

Weaving calls for another special fenm ejf machinery, and will 
call for the largest room in the mill. The* Crompton anel Knowles 
loom is a standard make, and no description will be given. There 
will be required 04 standard le)oms, each of a capacity of 1,000 
lin. yd. of 55-in. cloth per month. The space required is about 
45 sq. ft. per loom, to which must be added a considerable area 
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for passages. A room 50 by 80 fi. will be needed. The power 
is 3^^ hp. per loom, or 224 hp. • 

Finishing of the cloth after it conges from the looms is the final 
step. This consists of the following: 

• 

1. Inspoctiomand minor Vepairing of broken threads. 

2. Fulling with water and alkali soaps, and shrinking. 

3. Itolling in machine with regulating device to bring the cloth 
to uniform width. 

4i Drying. 

5. Shearing nap to standard length. 

(). Rolling, measuring, etc. 

• 

These processes require a fair-sized room, perhaps 50 ft. square, 
and a few small motors. 

Standard reference books for a more complete study of the entin; 
woolen industry are: Rogers’ “Industrial Chemistry” (Van 
Nostrand) “International Library of Technology” (International 
T(;xtbook Com pan 3 ’^, Scranton, Pa.). 

COTTON GOODS 

Cotton goods manufactures constitute one of the standard 
industries of t ho countr 3 ^ It was the earliest in point of time to 
utilize mechanical power in organized factories, and around it 
has been waged the war between capitalized power and human 
workers for a centur\' and a half. It has been characterized by 
child labor from the beginning. The evolution of the industry* 
outlines a serial stoiy of human relations in industry thatjs 
without parallel, and probably without end. The pres^'ot child 
labor movement in the United States holds this aiHivity as its 
major objective. While close margins and the character of the 
work called for at. several stages in the process have alwa.vs 
constituted an incentive to the hiring of the cheapest labor, 
which is child labor, it is undoubtedly true that we have here 
an illustration of the binding power of habit and tradition in 
industry. (Jenerations of mill owners, frequently in actual 
family succession, have held to an indeiensible doctrine based 
on the mythical. happ 3 ’^ family that works, grandfather to six- 
year-old infant, in the mill, thcrcb 3 ’^ gaining a considerable income 
in total. (3f course the limits have! been clipped, but tradition 
remains. The fallacy becomes apparent through the reflex 
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effect on the price of cotton goods, which, set at a low figure, 
made possible in tUe age of competition by this type of labor, 
created a tradition in the pi^fchasing public just as hard to eradi¬ 
cate, and persisting to trouble operators in these later years when 
they may honestly wish to (ihange labor conditions. 

Those comments, seemingly out of order in this*chapter, are not 
without point for tlie man who is determining the major charac¬ 
teristics of design. A plant for such an industry is influenced 
by established practice—not that cramped quarters will be 
allowed because old plants had cramped' quarters -but, wdum 
labor is cheap, plants are not equif)f)ed to sjw/e labor in the sanu' 
degree as might, otherwise be done. With much unintelligent 
labor there must be minut.e subdivision of tasks and a force of 
overseers in large proportion, ("are must })e taken to safeguard 
the workers from injury. There is a sharply defined unit basis 
in the steps and subst(*ps of tla* j)rocess, which influences arrange¬ 
ment of space. In si)itc of a numerous and relatively low-grade 
working force, it is a highly complex and technical industry, 
calling for high qualiti(‘s of skill in many positions. It is a high- 
l)ower industry, calling thus for the most economical types of 
generating and transmission ecpiipment when wat.(‘r i)ower is not 
available. 

The detail(‘d outline is omitted. IVIany of the steps corre¬ 
spond to the woolen-mill processes, and, for these, tin; figures for 
wool would apply. But there are imi)ortant diffenmees. I’he 
cotton fiber is much shortei' t han wool and demands more candul 
• handling. There is l(?ss seouring, because cotton is {d<ian, 
otganically. The spinning process is much mon* (‘xtended w’ith 
successive drawing and twisting machines, or “frames,” as they 
are called, to bring the thn^ad to fimmess. The dyeing is a 
larger factor. 

(For machinery descriptions see " International Library of 
Technolog3^”) 
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DESIGN OF raE PLANT 

’'I'hc distinguishing charactoristic of inodorn industry is the 
substitution of systematic methods for the trial-and-crror 
methods of earlier days. Growth has been from within, outward, 
in tlu; main—or at* least it w^as so until comparatively recent 
years. It was not until demonstrations were made, showing the 
extent to which production could be increased and unit costs 
lessened by the application of scientific methods to the problems 
of internal administration, that it was realized that the layout 
of ecpiipmeiit and the facilities for handling tools and material 
played a distinct part in production. Not until then was the fact 
('stablished, likewise, that the effectiveness of human effort is 
infiueneed by environment and systematic routine, in a degree 
such as to make profitalilc the most careful study of conditions 
under which work is licing performed. 

At the same time that the point of view in respect to these 
matters has been changing, there has been going on a transition 
in other lines. Industrial activity has taken on different aspects, 
Establishments have increased steadily in size, thereby making 
changes in the economics of prodin^tion. it. has come to pass 
that the investor and managing owner find it necessary to do* 
business on a scale commensurate with that on which otbws 
are operating if tlu'y can hope to succeed. They must kjiow what 
investments are warranted by the extent of busines?; available to 
t hem, and what methods are lieing found suited to their projects. 
It may be said that in manufacturing we have approached a 
point of diminishing returns, so that margins on units of product 
must be accepted on a level such t hat economies unrealized in the 
past arc necessary to insure attractive dividends. It is not 
economy of the specious sort, but a broad-gage policy of making 
proper investments in ways that are sound. 

This is but one way of saying that it is the industry that is 
designed. The “plant” is more than buildings and process 
equipment. To produce these details is a step that has been 
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taken by engineers most successfully—trained specialists who 
have perfected mach^es and constnuction methods to a marvelous 
degree of excellence. The iri(fustry of the present' day extends 
even beyond that scope. It is the entire complex organism that 
takes the raw material a'nd delivers the finished article to the 
consumer. * 

The editors of the Annals* of the American Academy of 
Political and Socaal Science, in the foreword of its issue for 
September, 1919, devoted to “Modern Manufacturing,” give 
a description of a standard industrial plant, in the following words: 

Its buildings should be. designed for economy of‘oi)er2it,ion, surround(‘d 
by ample, well-kept grounds, located in an open section of a community 
of moderate size, having both good government and good schools, 
adequate transportation facilities, ct)nvenient sujiplies of raw inab'rial, 
and reasonable accessibility to markc'ts. 

The main object of the management sliould be to s(‘cure the greatest 
possible production* compatible with the higlu'st well-being of the 
workers. The nu'ans to tins end will be modcTU e(iui]unent and scientific 
management, invohing an intensive stud.y of every ])rocess, the selection 
and training of the workers and such organization of the workers as 
will insure maintenanet* of standard jwactiec*. Both a low labor turn- 
,over and the assurance of continuous employment are essentiid. 

The selling policy should juovide for full and fair dc'seription of goods 
with i)rices based on cost plus the smallest margin eonsisbad with 
continued prosperity—costs to be di'termined by a system in which 
approximate jillocations of overlu'ad arc' reduced to a minimum. Sales 
in an unnatural market and of useless articles are to be discouraged. 

, The proi>erty interests must assume responsibility for providing 
adequate caj)itjil, to be represented by bonds and cumulative pn’ferred 
stock having proper rehations to fair value and bearing navsonable inter¬ 
est rates, ahd jhould accept the theory that unproductive cai)ital is not 
entitled to a return any mon: than iille labor is entitled to a wage* . . 

This conception of industry is on a high ethical plane. In an 
ever increasing degi*ec successful producers are rising to it, 
however, and it is not too much to expect that the spirit therein 
indicated will become reasonably manifest among the enterprises 
which will typify the industry of tomorrow. This will be true 
because it is sound business policy. It is a sane basis on which 
the designer of an industry may establish his w'ork. 

The preceding chapters have been prepared as an outline for a 
designer of industry. One who is to i)erform this function must 
know the general principles on which manufacturing is based. 
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He must have a fair knowleclgc of the history of incfustrial 
development. He must knaw his markej, and the methods 
of estimating its absorbing poiX^Jr. lie must appreciate the 
importance and influence of transportation, and the reflex effects 
of many industries related to his own* He must consider well 
the problems of*location in'their bearing on the great factor of 
distribution. He must have intilnate knowledge of manufactur¬ 
ing processes and of equipment, lie must be able to make 
reliable analyses of an industry and estimates of investments and 
operating expenses. .Otherwise, he is an unsafe adviser to 
clients whos(^ inv(;s<^"d funds ani entrusted to an enterf)rise for 
the sueecss of which he is to bc^cornc in large part responsible. 
To devise and plan producing plants that will im'et the tests of 
operation, conforming to all theses demands and conditions, is 
creative industrial engineering. 

I'lie stage has now been reached where concrete* expre.ssion is 
to be given to the ideas which have been de\^*loj)ing gradually. 
The plant is to be givi'n form; equipment is to be selected; 
oi)erating methods are to Iw* foreseen and provided for. In 
doing this, the following phases of the work are to be undertaken: 

1. Determine the e(iuii)ment needs of the (uiterprise and the 
actual floor si)acc re(iuired. I'liis calls for an exact, detailed * 
study of the process and the listing of all items ot equipment 
that will be re(iuired. It imrludes not alone the main process 
machines, but as well the auxiliary small tool equipment , power 
apparatus, af)plian(u*s for handling materials, tool making outfit, 
special appliances for storing small tools and stock, laboratory, 
ai'.d other apparatus for n'search and inspection service, designing 
and drafting offi(!e eciuipinent, and all other species of plant 
eejuipmont demanded for effective operation, l^xact specifica¬ 
tion of types, sizes, capacity, and, sometimes, of make must be 
j)repar(Hl. From such a list, when fully adjusted to the enterprise, 
orders for equipment may be pr(‘pared and layout plans drawn. 

The determination of floor space calls for fully developed rout¬ 
ing plans. This means that studies must be made of the flow 
of material through the plant, pierce by i)ie(5e. The division into 
rooms depends partly on process demands, and partly on condi¬ 
tions contributing to good administrative control. 

2. Formulate an adecpiate administrative plan. This has 
bearing upon subdivision of the plant into the rooms noted in 
the [preceding section. A central planning department in the 
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organization also has an influence on space design and the layout 
of equipment, the t^ol room, ctci The plan to be followed in 
job analysis, task setting, inf^cruction card WTiting, and material 
control calls for consideration. While these statements arc 
made in terms relerring' lo machine manufacturing processes, 
there ar(‘, counterparts in otluT tyjies of plants, a'lthough in many 
cases established methods are so closely determined by proc(;ss 
conditions that there is small charu'c for variation. Such condi¬ 
tions must b(* observed. 

3. Select the local site. Location of the-plant in the local scuise 
can be settled wisely only after full consideration of many factors. 
The city planning system may indicate the district that, is optui 
for (‘nterprises of the sort in quc'stion, but even then tliere is some 
latitude. Questions at issue will inchide accessibility to rail¬ 
way lines, local traffic faciliti(‘s, resi<lence districts for workers, 
water supply, sewage lines, conv(‘nieiice in disposal of an}' esp('- 
cially obnoxious Wastes, and land values. 

4. Auxiliary scrvdcc demands. Several niatteis call for con¬ 
sideration before the final decisions can be made as to the amount 
of land re<iuired and th(' grouping of buildings. Among th(‘sc 
arc; 


a. (Icneral offices—whether a separate building at the jdant, 
rooms in the jflant, or in tfie business district of the town. 

h. Hospital facilities for lirst-aid treatment of injurh's. 

c. Itooms for tin' comfort and welfare of enqiloyees, smdi as 
Junch rooms, meeting rooms for volunteer organizations and 
activities, educational facilities, and other interests, according lo 
the policy of the administration. 

d. Parkkig space for automobih's and bicycles. 

c. Outdoor recreatioji space, athletic grounds, (dc. 


5. Design the buildings. While tin* final stages of building 
design may be placed in the charge of an architect, there are many 
details which the designing industrial ('ngineer must setth'. 
T'he preliminary jflans, on which cost estimates may be l)ased, 
must be made to determine approximate' investnu'iit that will 
1)0 demandeel by the project. The first tentative; plan is bounel 
to come up for a serious study of the possibilitie*s for saving in 
various ways, even to the extent of modifying operating methoels 
or the vtflume of business. If it is a machine building plant, 
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for example, it may prove desirable to buy castings rather than 
invest in a foundry. In many j-^jspects dianges may become 
necessary. All such contingencies wnust be gone over carefully 
to make sure of adapting the plaMt tp demands, and securing 
the best possiblt; combinations. 

Matters to be consi<lered include: 


a. Adapting buildings to future growth. Later extensions 
must be considered, which may mean adopting some form of 
unit construction or an arrangement such that new buildings 
may bo added ip a wJy it) fit int o an enlarged production jirogram. 

h. Selection of type of constriujtion. In doing this an ex¬ 
tended knowledge of the best current practice in building modern 
factory buildings is necessary. Points invi'ivcd are materials of 
side walls, type of roof, division of interior into bays according 
to service possibilities, window lighting scheme, etc. 

c. Floor material, considi'red with reference t.o service 
requirements and comfort of workers. 

d. Number of floors, working galleries, etc. 

c. Nec(issity of providing supports for traveling cranes and 
shafting. 

/. Fir(‘ hazard and facilities for safeguarding against same. 

q. Vmitilating and heating, air conditioning, running of service 
steam, water, and gas lines. 

h. Artificial lighting system and distribution of power. 

i. Special proc^ess demands, as for drying, cooking, steaming, 
washing, et c., c.alling for segregation. 


The study of these structual elements requires the diiawing of 
sketch plans, and making preliminary calculations for structural 
weights. This calls for an analysis of roofs with sufficient accu¬ 
racy to (establish general dimensions. On the floor plans t he rout¬ 
ing system for materials should be traced in its main outlines and 
t,he principal machines located accurately. Ileasonable allow¬ 
ances must, be made for wmrking and handling space, and for set¬ 
ting minor tools which might be overlooked in the most careful 
advance planning of operating needs. 

There follows a more detailed discussion of these several 
divisions of the work, pertaining mainly to machine building or 
other metal goods manufacture. This is for illustration only, to 
show methods rather than fully developed problems. 
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This will include the elements listed under parts (1) and (2) 
above, since the determination of space requirements involves 
study of process methods, equipment, routing, gn<l the adminis¬ 
trative plan, simultaneously. , It covers production from the 
receiving platform to the shipping platform, but not the general 
administrative offices, designing room, or the auxiliary service 
portions indicated in (4). 

It is here that the technical knowledge of the designer is 
paramount. If the plant is to be one for‘ the manufacture of 
machinery or any form of metal goods, he will find it necessary 
to know shop processes intimately. Machine tools have been 
developed to a high degree of perfection, and, especially in 
recent years, many refinements in methods and adaptations of 
tools to special work have revolutionized shop practices. A 
successful plant designer must be acquainted with all this, as 
well as with the tool market. The following illustrations serve 
to show just what is <lemanded. A few individual pieces will 
be citeil but no attempt made here to follow out an analysis for a 
complete machine. Such an at t empt would extend the discu.ssion 
far beyond the scope of the pre^sent volume. 

A, Lathe Bed. —Mat-erial, cast iron. May be cast, in company 
foundry or purchased. Practice, of leading manufacturers of 
lathes differs. In either case; the easting is assunied to have 
been well cleaned and made ready for machining. 

* First machining process—planing; first, bottom side of bed; 
second, rough planing of top of bed, top and sid(!s of V-grooves; 
third, finish planing of top complete. Extremely accurate work 
on lining of‘beds on the planer is necessary, often performed by a 
trained specialist other than the operators of the planers. This 
calls for additional planers on which work is being laid out while 
others are in operation. 

Planers are selected according to size of work. If the plant 
is to turn out a general line of lathes, long beds must be provided 
for. It may be best practice to use a stated maximum length in 
a single piece, building the extremely long beds in sections to be 
bolted together. This calls for extra steps in machining the 
connecting ends. Short beds of uniform size arc commonly set 
in tandem on planer bods of'large size, thus economizing time of 
planing operation. I’lie number of planers is determined from 
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data as to the quantity of output and the time required for the 
several process steps, , , 

Second mssin machining process*—drilling for bolted connec¬ 
tions, Performed on radial drills. 

Third step—fitting of legs. 

Fourth step (Usually on the assembly floor)—hand scraping of 
the ways and upper finished surfh,ccs. 

The general assembly then proceeds in usual routine. This 
condition calls for a generous allowance for the assembly area. 
It should be noted that in lathe building the practice is followed 
of manufacituring siyall parts to a finished-parts stockroom, from 
which are issued the units, singly or partly assembled, to the main 
assembly floor. This modifies the arrangement of manufacturing 
spa(!(‘, in that the moveim'nt of many of the smaller pieces is 
adjusted with refcreiuie to th(^ finished-parts storeroom. Another 
advantage gained is that small-parts produtition does not have 
t.o be r(“gulated exactly to orders for finishetl lathes. Parts are 
drawn from stock as lu'eded at the general assembly. Storeroom 
stock is r<*plcnished on shop orders in production lots, thus 
keeping a good fraction of the plant oi)erating on a quantity 
Ijasis. 



B. A uioinobile Engine Crankshaft. —This is an example of an 
elaborate st udy of operations, for which we are indebted to the 
magazine Machinery. It represents a more complete analysis 
than may b(' possible when only advance planning of equipment 
is the aim, but it represents the ultimate purpose which it is 
desirable to api)roximate. The names of builders of the machine 
tools used are given exactly as in the magazine article, a detail 
not always necessary in the preliminary design of plant layout. 
Some of these tools are specially adapted to this service. As a 
necessary adjunct to the understanding of the analysis, a drawing 
of the crankshaft is shown. The process begins with the rough 
forging as received at the machine shop. 
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C. Piston for Automobile Motor. —This represents the pl'actice 
in a well-known company, aijd will apply ^for similar work in 
many engine 43uilding plants. 


Opeuation 

1. Hough inspection of forging., 

2. Rough turn oiH-side diameter, face 

the enclosed end, and rough turn 
the ring grooves. 

3. Rough bore the open end and face 

to length. 

4. Rough drill wrist pin holes. 

5. Heat treat to rem»ve maolunitig 

stre.s.ses. 

G. iSanil blast! inside. 

7. I’inish bore and face the open end 

and reeentcr the closed end. 

8. Finish turn outside diameter and 

ring grooves, face closed end, 

9. Recenter the open end. 

10. Rough grind outside diameter. 

11. Rough and finish bore and ream 

wristpiii hole. 

12. Hand ream wrisljiin hole. 

13. Face wristpin bosses. 

14. Mill oil-grooves in wristjiin lioles. 
(This sometimes done by broach¬ 
ing) 

15. Grind clearance on sides of 

cylinder. 

1C. Drill oil lioles from lower ring 
[groove diagonally to wristpin 
hole groove. (In some pistons 
this ring groove is chamfered on 
lower side to receive oil.) 

17. Hand-ream wristjiin hole to remove 

burrs. 

18. Finish grind outside diameter. 

19. Inspect. 


t 

• ,Typk ok I'Iquipmen't ITbf.d 


Gridley auUunatic. 

Fay automatic. 

Special Hoefer drilling machine. 

Gas or oil furnace. 

Panghorn sand-blasting machine. 

Fay automatic. 

Fay automatic. 

Special center-grinding machine, 
h’itcliburg grinder. 

Warner and Swasey hand screw 
machine. 

Bench. • 

Whitney hand-milling machine. 
Sipp drilling macliine with National 
oil-grooving tool. 

Norton cam-grinding machine. 

Avey .sensitive drilling machine. 
Special fixture required. 


Bench. 

Norton grinding machine. 
Bench. 


D. Operations in Manufacture of Drop-forged Tools. —The data 
apply to small parts of drop-forged tools which can be handled 
in quantities. Certain special processes, such as knurling 
handles, will introduce variations, and heat treatment will like¬ 
wise vary with the use to which the tool is put. 

Making of the dies is really a separate process, calling for 
equipment consisting of vertical mills, shapers, and planers. 
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Specially designed die-sinking machines arc available. Material 
used for dies includes high-carbon steel and chrome nickel steel. 
The process is called “die-sinking.” Dies are hardened in 
furnac('s so constructed as to be adaj)ted to handling hcav3^ Idocks 
and in appropriate quenching tanks. 


()]»erations on tool 
material 


Equipnieiii used Daily oiitimt per worker 


ForKinn 


Board drop hammers of l,riOO to 2 ,.'j 00, according 
eajjaeily SOO to 2,000 , to size and complexity 


Trimming, to cut away 
the ‘‘fin” of steel forced 
out between die blocks. 
(Punching, if called for, 
may be done at same 
time.) 

Annealing, if required... 

Pickling, to remove 
scale. 

Machining steps, dril¬ 
ling, slitting, milling, 
broaching, «jjunching, 
etc. 

Making small pins, 
bolts, etc. 

Fitting and a.ssembling.. 

Carbonizing. I 


11). Several makes 
available. (Furnaces 
for heating provided at 
each hammer, com- 
m o I! 1 y oil-burning; 
.several makes avail¬ 
able; slock cut to about 
7-ft. lengths, calling 
for stock cutters.) 

Pattern presses, “Stiles” 
type commonly used: 
various makes. 


of forging. 


'1,000 to 4,.'KK). 


Grinding, polishing, 
buffing, plating. 


Furnaces of common 
pattern. 

Vats of sulphuric acid. | I’nlimited. 

Gommon forms of ma-, Variable—may be 800 to 
chine tools as suggested ' 8,000. 
by the stejis required. 

Automatic screw ma- 800-4,(K10. 
chines, various makes. 

Bench. 

Furnaces with carbon- : llnlimited. 
bearing material. 

Grinders and special ; 

“jacks,” plating tanks. 


E. Die-casting PZanf.—Another interesting metal products 
industry is that of die-casting, for turning out relatively small 
articles in various metals and alloys. White metal, brass, and 
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aluminum and aluminum alloys figure largely as metals! The 
products vary largely in type, many auton^obile and aeroplane 
parts being nlade from the light-^djjght alloys. The business of 
casting such articles is becoming an extensive one. 

The accompanying figure shows a Typical plant layout for 
miscellant'oiis gd?)ds of this character. The most important parts 



of th(^ working si)acc are devoted to the casting and melting 
processes, cleaning of the castings, and the machine shop and tool 
room, devoted mainly to the making of the dies. Die-casting 
machines are used almost exclusively, 125 being installed in this 
plant. Compresstul air is employed extensively, both for forcing 
the metal into the dies and for operating the machines. 

The front section of the building dias a second floor accommo¬ 
dating the general offices and designing rooms. The remainder 
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is one-story, with saw-tooth roof. (For further descriptions of 
this plant the reader is referre'd W Machinery for October, 1919, 
to which magazine the author is iiMebted for the illustration.) 

F. Small Engine Building Plant .—The second plant layout, 
Fig. 4, is a new design for a hypothetical establishment for 
building a simple type of small* gas engine. The designer has 
followed through the prescribed methods of analyzing the process 
steps in making each individual part of the engine, and has 
developed a routing plan that is shown clearly in the drawing. 
As drawn, the plant is divided into four separate buildings with 
covered connecting* i)assagcs. This was done to give sidewall 
lighting. A somewhat more compact arrangement would be to 
throw the space into one large building with saw-tooth roof, 
similar to that used in the die-casting plant of the preceding 
illustration. 'I'liis design was d(‘veloped by a s(‘nior mechanical 
engineering student in regular class work, piirely as a routine 
exercise, under the direction of the author. 

The foregoing notes and illustrations give the general outlines 
for the process of designing the physical jdant in respect to 
process n(;eds, in the field of metal products. The importance 
of the routing diagi’am is readily apparent. St.ock-rccciving and « 
finished-goods shipping facilities, with reference to transportation 
lines, are matters pressing etjually on the attention of the designer. 
Measures taken for jdacing the tool room and shop administrative* 
office so as to secure direct contact with the operating depart¬ 
ments are indicated in the illustrations. In the successful han¬ 
dling of these questions lies the opportunity of the designing* 
industrial engineer to establish the basis of economic productioiT. 
The ultimate aim is not realized in this alone, becausc^thc^mprove- 
ment of operating methods is a never-ending process of develop¬ 
ment, predicated on studies of processes which cannot be 
completed until the plant is in service, with all tools and machines 
running. But the initial plan, if well made, forms the ground¬ 
work for a truly effective system of operation—economical 
because effective. It is basic to low-cost production, because 
it is the one and only method whereby original investments may 
be adjusted correctly to the actual needs of the enterprise, thus 
enabling the management to plan consistently and adequately in 
matters of finance. 

Similar studies are applicable in plants for furniture, leather 
goods, men’s hats, tobacco goods, and others wjierein workers 
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handli* the; materials, and, bj'^ the processes under their control, 
determine both amount and^ cpiality of output. > For another 
group of industries, in whiAi materials follow paths fixed abso¬ 
lutely by equipment, and W(!)rkcrs are dominated by equipment 
characteristics, a somewhat different proeedum is demanded. 
Such industries comprises most* of those in the second and third 
groups listed in (’hapt(‘r I. One of these will now bo considered 
in detail. 


COTTON GOODS MANUFACTURING 

C 

In the preceding chapter, woolen goods j>roduct.ion, rather 
than cotton, was considered as to |)roeess, so that in the present 
connection some terms wdll Ix' us(‘d which have not been defined. 
While all the Itixtih's are similar in their producing characteris¬ 
tics, each branch, has its peculiar nomenclature. It is not the 
tbought to give hen* an adequate treatment of cotton mill 
design, on w'hi(di engineers might proceed to lay out mills of 
varying types, but ratlw'r to illustrate the form of study of mill 
eejuifnnent that is nec(^ssarily made in order to secure a coordi¬ 
nated mill outfit that will operate in effective manner in industries 
wherein material follows the strict demands of jiroci'ss e(]uipment, 
and output is determined solely by that c(juir)mcnt. 

The main outlines of this treatment of the subject, are borrowed 
from the “International Library of Technology,” Volume 7S, 
from w'hich are taken directly the illustrations of mill machinery 
layout given in h'igs. fi and 6, through the courtesy of the 
"publishers of that valuable seri(*s of W'orks. 

No atVerqpt is made to give det.iils of methods, nor the fine 
ilistinctions in the machines fitt,ed for the production of the 
various types and grades of yarn, niierc are intricacies of 
process all the way through, from the first (warding and combing 
steps on, past tin* several kinds of spinning and drawing machin¬ 
ery, to the weaving. A plant designer must be familiar with 
these various processes before he can make s(ilcctions of efpiip- 
ment with accuracy. To distuiss these many phases of th(* work 
would require several volumes. 'Lhe varieties of yarns in the 
cotton branch alone are numbered by hundreds—even thousands 
when all classes are included. Some of these are distinguished 
only by the number of twists per inch given in the spinning, 
but this’*^diffQrerice is accomplished through the specification 
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I'la. 5.—Machine layout for Potton mill, first floor. 
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on which the machines are built. This is a technical difference 
with which cyily the experienced specialist dhn deal. 

The problem may be stated thifs: It is proposed to build a 
mill for the spinning and weaving erf cotton goods of the medium- 
weight class, kn 4 >wn as “print cloth,” weighing 4 yd. to the pound, 
39 in. in width, made up from ^yarp yarn No. 28 and filler No. 
36. This kind of cloth is made in great quantity. Further 
specification is that the cloth shall be of 72 sley and 80 picks to the 
inch, the reference being to the number of threads of warp and 
filler respe(4 ively. The capacity will be taken at 10,000 spindles 
in the spinning roonV 

The weight of yarn produced per spindle varies with the 
number of the yarn and the twist. For warp No. 28, with 25.13 
twists per inch, the output is 0.214 lb. per spindle. For filler 
No. 30, with 19.5 twists per inch, the output is 0.194 lb. For 
5,000 spindles for each, the oui.put will be ^,190 lb. per day. 
^'hc division between the two 3 ’^arns, on the basis of an equal 
number of spindles em})loyed, is sufficicnt.lj'^ close to the weights 
of the two as thej'^ enter into tiie fabric to make finer calculations 
unnecessary. For a 6 -ilay w(‘ek, allowing for 10% lossf 5 in 
the carding and 5 in tlie pickers, it is found that the weight of 
cotton to be handled by th(* breaker picker is 14,559 lb., and that 
by the finisher picker 13,832 lb. ])er week. Allowing for a 10 %, 
increase in the weight ol the warp for sizing, we have 0.244 X 
5,000 X 1.10 X 6 = 8,050 lb. to be woven. The weight of 
filler is 0.191 X 5,000 X 6 = 5,820 lb. The total is 13,872 lb. 
of cloth, or, at 4 yd. to the pound, 55,488 yd. 

It is now necessary to find the number of machines of each o'f 
the several kinds used. This calls for accurate information as 
to the capacity of standard makes of macihines. ^or example, 
a standard loom operating at 80 picks to the inch will produce 
208.125 \'d. per week, calling, therefore, for 266 looms in the 
mill. In the initial process, where bales of cotton are broken 
and the cotton made ready for the picking process, a single 
machine has a capacity greater than is required. The single 
breaker would be taken as it is built by the manufacturer, even 
1 /hough it has surplus capacity, rather than have a special size 
built. Thus i.t happens at several steps that the plant will 
have surplus capacity where fractional numbers of machines, 
when taken at exact capacit j^ are found to be sufficient. Tables 
and other data are lurnished in the volume of the “ International 
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Library” above referred to, showing exactly how each step is 
I)rovided for. Further details: ,wilf not be cited, biit the reader 
who is interested in this class*of design is referred to that or some 
similar work. The data t\ier(>*given were according to conditions 
.several years ago, and so are subject lo revision., The following 
table carries the full list of mat^iines which would be nt^eded to 
eciuip the mill. With t hem is included certain auxiliary apparat us 
for handling material and adjusting process (‘quipment. 


1 Bale br(‘aker and conveying 
apron. 

1 Automatic feeder and 
opener. 

1 Breaker picker, two sections. 
Cleaning and connecting trunk. 
1 Intermediate picker. 

1 Finish(*r picker. 

17 Revolving flat cards. 

2 (’ard-grinding dead rolls. 

2 (' aj d-g rinding t rav(‘rse 
rolls. 

2 Stripping rolls. 

1 Machine for clothing cards. 

1 Flat grinding machiiu'. 

First drawing. 1 frame, 2 heads, 
0 deliveries each. 

'tSecond ilrawing, 1 fraiiK*, 2 
■^hcads, 6 deliveries each. 


1'hird drawing, 1 frame, 2 
heads,0 deliveries each. 

2 72-spindle slubbors. 

.5 90-spindle intermediates. 

14 18G-spindle roving frames. 
•18 208-spindl(e spinning frames. 
1 Banding machine, 

■1 100-spindlc spoolers. 
Warpers with creels. 

20 Section beams. 

1 Slasher. 

1 Kettle with overlaead track, 
tor sizing warp. 

4 J)rawing-in franu's. 

2GG J.,ooms. 

1 Sewing and rolling machine. 
1 (’loth brusher. 

1 (’loth fold(‘r. 

1 Baling [)r(;ss. 


Figui(‘s 5 and G show the ariangement of thes(‘ machines on 
the two floors of a building adapted to the busine.ss according to 
established practices in (eotton mill planning several years ago. 
Later practice would provide somewhat more generous working 
space around the machines, with more attention to lighting. 
A narrow'er building provides bett(‘r ventilation as well as sidewall 
lighting. This would call for either a third floor or a double 
building arrangementi, the latter making it i)ossible to separate 
the esquipment used for the warp and filler through the roving, 
si)inning, and spooling operations and providing for better 
supervision. Power geiu^ratihg and application methods have 
also undergone^ changes, with th(* more extended use of electric 
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motors. The plans shown give a good idea of space requirements, 
from which pther layouts coufd bp devised. * 

The method of procedure here outlined for cotton mill analysis 
is representative of what must, bft dqnc in planning for a great 
many industrials. Balancv in machine capacities in the several 
process st(“ps is a prim(; clement. Accurate work at this point 
is essential in securing smooth operation and a minimum of 
investment. 


INFLUENCE OF MANAGEMENT SYSTEM 

As before noted, the form of administrative* plan has an influ-, 
ence on t'aft layout of rooms and e(iuii)ment. The chai aeteristics 
of management methods referred to are: 

A closely drawn system of instructing workmen as to 
methods of operating t he machim^s, with specified cuts, feeds, 
and speeds, standardized tools, and a ?omi)lete plan of 
instruction card writing; as opposeel to the older plan of 
l(‘aving mud) to individual worknien. 

Division of the force into specializ(*d groups with ^ang 
bosses carrying most of tla* res])onsibility a feature of the 
first alternative noted above*, although not nec(*ssarily with a 
general shop plan for S[>ecifying exact, methods of work. 

,'\ system of keeping product ion records and otht*r statisti¬ 
cal data in accordance* with the se*ve>ral divisieiiis of the 
pre)ce*,ss weak. 

The stockre)e)m system wit h resj)ee;t to the storage, issue, 
anel folle)vv-up e)f material, atlect ing principally the size anel. 
arrange*ment e)f the re)e)m. ^ 

Syste*m e)f checking we)rke*rs in anel out of the plant, affect¬ 
ing the le)cating e)f e*ntrances anel exits, locker and wash 
re)e)ms. 

'Phe plan e)f weu’k with r(*spe*ct to movement of finisheei 
parts, whether diree’t te) the asse*mbly or to a finished-parts 
storere)e)m on large pre)eluctie)n orele*rs, and thence, as reepiireel 
te) the assembly. 

It is clear that decisions on most of these matter's are elependeiit 
on the character e)f the proeluct and size of establishment. 'I'hey 
must be determined uf)on when the general manufacturing plan 
is being formulated. Probably the industrial engineer engaged 
on the design of the plant has had much to do with the formula- 
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tion of these plans, but, if not, he must have complete informa¬ 
tion regarding them. . , * , 

An illustration of the way-in which the sales and production 
departments may coordinsitc iii afforded by the practice of one of 
i.he large builders of Diesel eiiginee. Although this concern 
builds no engine costing less than about $18,000, it never puts an 
order for a single engine through the plant. Duplicate parts 
for not less than four or five engines arc made in lots, all except 
those for the single sale order going into storage. The storage 
space requirements for such a plant arc manifestly much greater 
than for those following a different policy. Naturally, the 
sales force lend their efforts to the securing of ordc'rs for units 
in groups, and are enabled to guarantee quicker <k'livcrics on 
sizes which arc already manufactured in large part, a circumstance 
oft(m of great assistance in placing an order. 

Another matter .calling for consideration, and one to which 
progressive manufacturers are beginning to give attention, is 
that of training apprentices. Rooms for class instruction are 
provided in many cases, and occasionally s])ecial shop rooms 
are seen, outfitted with a varied assortment of tools, on which 
boys are given instruction. This practice insures a more general 
training than could be given in the production d(!partments, 
with less spoiled work resulting therefrom. In the Santc I'^c 
Railway shop system an effective and complete apprentice school 
is maintained. Other railroads arc following similar plans. 
In Volume 27 of Machinery is a series of articles outlining in 
detail the training methods in use by the Norton (binding 
Company. Some of the larger machine tool companies of Cincin¬ 
nati arc giving tlui matter careful at tention. It is something on 
which the future of the rnetal produc.ts industry depends in great 
measure. 

Many of these elements of the management plan arc discussed 
more fully in the chapter on “Personnel Administration” in 
Part II. 


SELECTION OF LOCAL SITE 

The questions to be considered have been listed on page 112, 
following which certain possible auxiliary service demands are 
mentioned. All of these points must receive consideration. 

In order to make the discussion definite, an actual city map is 
shown as a type (Fig. 7). It is the map of Hutchinson, Kansas, 
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a city of about 24,000 population, with industries employing 
2,900 people, of whom 2,350 are men. The ratio of men to 
women worRers is 4.31, a relative Jow ratio, which suggests the 
desirability t)f a new cstablishn^ent employing men in large 



proportion. Sueh a plant will be assumed, namely, a concern 
for manufacturing a miscellaneous line of metal goods, mainly 
t ools and supplies for the garage trade. Hutchinson is an impor¬ 
tant trade center, serving a large territory to the West, and South- 
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west. Two main lines of railroad reach directly into those 
regions, the Santa F/‘ main line to the West, and the El Paso 
branch of the Hock Island to the Southwest. A third road, the 
Missouri Pacific, gives connections southeast and northwest. 
It. is the center of the Kan'sas salt industry, and of a rich agricul¬ 
tural region producing wheat, in greaf cpiantity, hlso ai)ples and 
other fruits on a scale that is nofable for t he Middle West. It is 
a heavy shipping point., having many miles of track in the 
yards. 

A distinctive feature is the passing of all of th(^ railroads through 
the center of th(i business district, which is laid out attractively. 
The larger industries are on the out.skirts to the east and south, 
where the ground is level and but little above the flood plain of 
th(‘ Arkansas River. T'he natural residential development is to 
the north, due to topography as well as to the occupation of th(‘ 
other sections by th(‘ railroads and the industries. 3’hen‘ is a 
growing section, mainly workmeui’s homes, t o the southeast., south 
of the A.V.I. Railway (Arkansas Valley Interurban). 

The water supply conditions arc unique, in that the river is of 
lesser significance than might be assumed. At certain seasons 
of the year the visible amount of river flow is small, the. water 
settling into the. underflow. fJround water is abundant across 
the full width of the valley, extending several miles on either side, 
and is only 15 to 30 ft. below the surface. This explains why 
many of the plants demanding large quantities of water are 
located at considerable di.stances from the river. The salt 
r.bed is several hundred f(‘et lower, so there is no contamination 
pf the water, which is of good quality. 

The most ideal location, from the standpoints of proximity t.o 
railway line.s, workers’ residenese section, and street ear system, is 
along the A.T. & S.F. Ry., just cast of the industries mark(Ml on 
the map as numbers 15 and 16. Near this point all three of the 
railroads already have switching lines. Any available piece of 
ground, reasonable in price, for a distance of a half mile, would 
answer the needs. The proposed plant is one without obnoxious 
wastes, and one needing only the, ordinary service of sewage 
systems, so no questions arise on the.se scores. Almost equally 
well situated is land in the vicinity of the Solvay Oompany plant, 
number 17. Another good site is just west of the drainage canal, 
near the crossing of the A.T & S.F. and the Mo. Pac. roads, the 
only disadvantage being distance from street car lines. 
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The problem is a simple one in a town such as the one sllown by 
the map, but the process to be ^^ollowed in making a selection is 
well demonstrated by it. In many of the large industrial centers 
it is impossible to find sites which meet the tests at all adequately, 
the result being that special provisions must be made. Civic 
development agencies in s<7me cases have built belt-line roads to 
serve designated industrial areijs in order i,o extend the limits. 
In other cases entire new communities have been built up by one 
or more industries, illustrations of which may be seen at (‘hicago, 
Philadelphia, ('incinnati, and Detroit. 1‘^ach community pre¬ 
sents a problem peculiar to itself, and we may present with profit 
only these illustrative suggestions. 

With refvrence to tlu- auxiliary service demands, it may be 
n‘marke<l that not until the plant is of considerable size, employ¬ 
ing nearly a t housand workers, will space for outdoor recreation 
in the line of athletics come up for consi(h‘ration. The wise 
planner will hold such i)ossibihties in mind, lu)wev(T, and see to 
it that enough land is available. A somewhat similar statement 
may be made regarding the building of a sef)arate office building. 
Other matters in this cat (‘gory involve only int erior planning, 
with but slight effect on the exbmt and (character of the site. 

DESIGNING THE BUILDING 

Th(‘ exact floor space requirements, it is assumed, have now 
been (hdermiiual. There remain the many questions pertaining 
to the ways in which the i)hysical structure niay be adapted to 
tlu; demands, most of which have been suggested on a preceding 
pag(>. Without going into the technical designing of structures,* 
a few observations will be made as to conditions tlRit affect 
the building as a .shell which homses a functioning institution. 
For the strength design and proportioning of parts the reader is 
referred t.o Kettdiuni’s “Design of Mill Buildings.’’ There are 
many sugg(^stive discussions, also, in the book on “Mill Build¬ 
ings,” by H. (}. Tyrrell, mainly on details of eonstruction, although 
the changes in frosts which have come about in the past 10 years 
lessen the vahu' of data which form a considerable portion of the 
the book. 

The mod(;rn. mill building is characterized by large window 
areas and forms of roof (construction providing still more window 
lighting. Sidewalls are commonly of reinforced concrete or 
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brick, ■(Varied by a combination construction of steel frame with 
concrete on expand 9 d metal. Rgofs vary widely as to form, 
according to the extent of the lighting demanded.*- When the 
width is such that sidew'all window's afford sufficient light, a 
simple pitched roof with «, monitor having ventilating windows 
is a common form. Steel framing is almost universal. The roof 
covering may be corrugated inetral on stcui framing, flat metal on 
wood planking, reinforced concrete slab, or tar and gravel on 
planking or concrete. For buildings ol widths greater than GO 
ft., the saw'-tooth construction is commonly used when the work 
is of a character requiring effective lighting. , The back slopes of 
the roof sections are covered as noted above. Such buildings 
are usually of single story. In choosing ])etwecn single-floor 
and multiple-floor buildings, in cases wlnni the service is for light 
material wdiich might be handled on diffc'rent levels, one must be 
guided by flie facts that, on the one hand, the investment is less 
for multiple floors in proportion to actual floor area secured, w hile, 
on the other hand, the effectiveness of labor in manufacturing is 
greater by from 5 to 10% wdien carried on on one floor. These 
figures will vary wnth different kinds of w'ork, however, and the 
value of land is another factor of significance, vin accurate st udy 
of costs is necessary in finding the correct solution. 

An important consideration is that of lighting. It must be 
tr(!ated under two separate heads: natural daylight and artificial 
lighting systems. It. must be observed at the outset that when 
artificial lights are necessary to supj)lenient daylight, for illumi¬ 
nating dark spots or to give more intense light locally, where 
especially delicate w’ork is being performed, the requirements are 
different than for the illumination of w'orking areas used during 
the night. 'This is because the eye is adjusted to daylight condi¬ 
tions during the day and more light is required than at night 
when the eye is in a different state. 

Several definitions, basic to all lighting sources, must be given 
in order to state the conditions scientifically. 

The unit of light is the lumen. It is an absolute quantity 
factor. One lumen will light a sfiuarc foot of surface to an 
average intensity of 1 foot-candle. 

The degree of illumination of a surfacic is measured in foot- 
candles. It is an intensity factor. 

The fraction of the total lupiens, generated at the source, which 
actually reaches the surface to be illuminated is known as the 
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coefficient of utilization. It depends upon the diffusing and 
reflecting equipment, color of, walls and ceilings, size and shape 
of the room, and the height oi' tjie source above the plane of 
the work. ^ 

In calculating artificial lighting systems, allowance must be 
made for the cfcteri oration'of lamps by aging and also from the 
collection of dust on rcfloc,tt)rs‘and on walls and ceilings. In 
doing this, a depreciation factor is used. It may be likened to a 
factor of safety. 

The requirements of good illumination may be variously stated. 
The main points arc: 

1. A steady light of the proper intensity on the surface where 
work is ])eilig doiu*. It must be noted that intensity is different, 
in general, on vertical surfaces than on horizontal. This means 
that the position of the surface must be sl,at.ed accuraU'ly, since 
most of the recorded data refer to a horizontal plane and it is 
necessary to adjust to demands on the vertica4. When the light 
comes from above, the intensity will be from 15 to greater 
on the horizontal than on the vertical. When coming from 
side windows, it may be reversed at points near the windows, 

2. There should be comi)arable )ntcnsity on adjacent areas. 
This is et}uival(*nt to saying that there should be good diffusion. 
If light is strong on the working surface, from loc^al sources, whih; 
floors ar(‘ ])oorly lighted, workmen are liable to discomfort when 
moving about, because of the necessity of adjusting the eyes to 
diff(‘rent intensities. Accid(mts arc more frequent and loss of 
time is suffered. 


3. The color and spectral charactei' of the light should be suit(^d 
to the i)urj)ose. This p(*rt.ains solely to artificial lighting, of 
course, in which the eff ort is made to approximate to daylight 
characteristics. Special (*ffoit.s arc necessary when colors are 
to l)e mat(;hed in the work. Blue-green glass bulbs on incandes¬ 
cent lamps, and the mercury vapor light, give tones adapted to 
this condition. In a smoky atmosphere, as in foundries, light 
in which red and yellow rays predominate is more effective. 

4. 'Idiere should be freedom from glare. 

5. Shatlows or contrasts of intensity arc objectionable. 

In daylight an intensity figure of 100 foot-candles maj’’ be taken 
as an avt'rage, on surfaces exposed directly to the sky. On clear 
days it is more. In passing through, windows a loss of about 25% 
occurs. The effective part of the window is that through which 
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the sky is visibles, which cxplaiils the need for high windows. 
P’or work near windows the lower,portion should be shaded. 

When one window supplies' the light, the intensity on the 
working surface varies approximately with the inverse square of 
1 he distance from t Ik* w'indow'. As actually constructed, however, 
buildings commonly have many oi)e!iings both An the sidc^walls 
and in the roof, so that the rul('' as to the scpiart* of tin* distamie 
does not apply direct ly. Intc’iisities vary w'idely, of course, from 
a combination of causes, such as width of rooms, presence or 
absence of glass rooting of the saw-tooth order, th(^ natural 
variation coming from wc'ather (ronditions,^ color of w'alls and 
ceilings, and (!olor and t.ext.urc* of tlu* mat(*rial being work(*d on. 
The ligur(*s, under what, have be(‘n i)ronoun(;e(l Satisfactory 
conditions, vary from 4 to 50 foot-(!andle intensity. The 
following table gives the records of many observations, (*ach 
observation having been made at a time wh(*n lighting w'as con¬ 
sidered satisfactory for the class of work under waiy. In all 
cases in this table, sidewall w’indow'S only w'ere in use. 'riie 
intensity' given is that for a horizontal .surface. On a vertical 
surface facing the source of light, the intensity is in most (lases 
twice that on the horizontal. On vertical surfaces aw'ay from 
the light., it varies from 11) to of the horizontal. With saw¬ 
tooth roof lighting, these relationshi[)S would change mat.erially. 


InTENSITIRS of I>AVI.HiJlT I I.I.CMINATION IN t’oOT-CANDLE.S, lloiilZONT AI. 

SUUKAOE 


(Jriidc of work 


Fa'Olory y)rf)c]uct 



Fine 

i Medium 

1 

\ 

llougl 

Machine tools.. 

' 10 

9 

1 

0 

Machine forgings 

. . . 

0 

1 5 

1 

Special inac.hitierv 

9 

0 

o 

1 O 

Automobiles... 


.'■) 

% 

1 r> 

Storage batterie.s 

. . 

fj 

1 

Sheet-iron jmrts .... 

10 


! 8 

Clothing 

10 

4 


Furniture.. 

... 

5 

1 
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A general average of observations, involving many more than 
in the above table, shows Satisfactory cbnditions to require 
intensities of 10, 7, and 5, respectively, for the three grades of 
work. The better the degree of dilTusion attained, as also the 
higher reflecting properties, of the material being worked upon, 
the lower the intensity pcrmissil^le. 

Unfortunately, the data on daylight illumination are not com¬ 
plete in the facits as to floor and window arc'as for which stat(ul 
intensities may bo estimated. Most of th(' scientific work doju* 
has related to artificial lighting. We can do nothing, therefore, 
but fall back on general ndationships .stat,ed in other terms. 
This meaqs, virtually, limiting the widths of rooms lighted 
entirely from sid(i windows to from 40 to (>0 ft ., depending upon 
the height of ceiling.s and the grade and color of the work. In 
gi'iu^ral, window area will b(! made as large as construction condi¬ 


tions permit, rcuiuunbering that the area Ik'Iow the level of the 
work is practically useless. In fact, window area below a line 


4 ft. above the floor is of little use. 


Window's in the sidewralls of 


monitor piojec.tions of roofs, where the height, is 30 ft. oi- more, 
as is usually tlu' case, do not add to illumination in proportion 
to the area. In most buildings with the monitor type of roof, 
the windows are likely to bt'come clouded with dust and smoke 
and their effect ivtuiess reduced still more. 3’heir value is largely 
for ventilat/ion. 




If the Avidth of the building is such that saw-tooth or nort h-light 
roof construction over a single floor is to be used, the following 
considerations apply; ‘ 

Hoof truss spans cai-ried directly on columns should be no> 
over 40 ft., but may run to GO ft.. For this grcatc'r si)aii :*nd over, 
the raft(^rs should be supported on beams or trusses running 
either transversely or longitudinally, the span of each roof section 
being one-half or one-third of the column spacing. This will 
bring the roof spans to 20 ft. and more. It is the opinion of the 
author that if space requirements on the floor make column 
spacings under 50 ft. undesirable, this latter form vA'ith beams 
running north and south should be adoptetl. With two roof 
sections, this brings the span 25 ft., which gives a good height 
for the glass slope of the roof. 

The angle of slope of the glass, measured from th(‘ vertical, 
should b(' as great as possible withAut admit ting th(‘ j-ays of the 
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sun in the long days of summer. An angle of 25 or 30 deg. is 
usually satisfactory. • 

The width or height of th«) glass, measured along the sloj)c, 
may be from onc-foiirth to vne-third the saw-tooth span, for 
good illumination. 

C^are must be taken in construction of the gutters. Down¬ 
spouts are provided at the columns, those from valleys at the 
c(uiter of ihe span of the supi>orting beam, where the divided 
span is adopted, being carried to the columns on a good incline. 
A 3-in. downspout will drain 1,000 sq. ft. of roof. Steam heating 
pipes should be carried along und('r the gutters, to prevent 
fret'zing. These pipes form part of 1h(; regular heating system. 

For more complete descriptions, and for details of construction, 
see Tyrrell’s “Mill Buildings.” 


Artificial liiouTiNO 


'J’he available sources of data on artificial illumination are 
mainly the publications and files of the manufacturers of lamps 
and ether lighting materials. Two bulletins of the National 
Lamp Works of the General Electric Gompany, Numbers 20.\ 
and 41, dated September 10, 1919, and January 15, 1921, respei*- 
tively, are especially useful in detailing methods of designing 
systems for industrial plants. 

A general condition, which has been mentioiKMl and which has 
an especial bearing on artificial lighting, is the economic, elTect. 
of good illumination. Up to tht* limits wh(‘re results comjiarable 
"Jo good daylight arc being secured, e.xpenditures for lighting are 
more tlic,n repaid by the increa.«ed production from workers. 
In addition *to this, there is the saving in accidcuits and workers’ 
compensation. 

In plants where material is transported by traveling cranes it is 
iHicessary to employ lights set above the crane level. This means 
large mounting height, affecting the coefficient of utilization of 
light capacity. Incandescent lamps must be equipped with 
reflectors, of which there is a multitude of forms and kinds. 
Mercury vapor lamps have their own special determining factors. 
The finer classes of work should be arranged for in portions of the 
plant where then* is clear space to set the lights at a more effective 
height. Only for fJie most Exacting grade of work should local 
lights, set close to individual working surfaces, be allowed. 
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Where this is done, there should be good general illumination, so 
that when the eyes are turned awa^ from tfie work they may not 
bo subjected to violent changes. 

The following is from Bulletin ]^o. 41, National Lamp Works: 

Standakds oi<»Illumination 
(Iiitcnaitios in fool-cancllcs) 


CiMIlArTKU til' 'Skiivick 


ri>OT-CANni,R8 

Vaiiiations Allow- 
AllLIC WITH VaIIIKD 

C'oi.ons or Waij.m 

AND WoUK, K’IN'. 


Auxiliary spaces, aisles, corridors, stairw'ays, etc 
Machine shops: 

Houfrii bench and rnacliine work.. 

Medium bench and machine work, rounh Kr*r'4nip;, 

medium buffing and polishing. 

l'’ine bench and machine work, line automatic, inachyie.-', 

medium grinding. 

Extra fine work, fine grinding 
Foundries: 

(’liarging floor, tumbling, cleaning, etc 
Molding and core-making 
Forge sho]).s: 

Hough forging. 

I’ine forging ami welding . 

Machine assembling: 

Rough. .... 

Medium. . .... . . . 

Fine...... 

Power plants: 

Boiler rooms. 

Engine and generator rooms .. 

Auxiliaries, switches, etc. . 

Offices. . 

Drafting rooms_ .... 

Paint shops: 

Dipping, spraying, firing. 

Ordinary hand painting 
Fine work, automobile bodies. 

Steel mills: 

Soaking pits, reheating furnaces. . . . . . 

Cfharging and casting floors.. . 

Rolling, shearing, cleaning, etc 
Light and colcl rolling, wdre drawing, fine shearing 
Textile mills (cotton): , 

Opening, carding, roving. 

Spinning, warping, w'caving. . 


(> 

10 

12 

12 and up 


f) 

() to 10 * 

0 

10 

o 

S 

10 

3 

• 5 

10 

15 


S 

10 lo 15 

2 

3 

4 
0 

4 

8 
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Standards of Illumination ((Utnhiiurtl) 


(*intf*ri8itics iy fonl-cundles) 

I' ]f(10T-t;ANl>I.KW 

I{KrOMMGNI»:l). 

r Vakiationb Ali,ow- 

« AULK With Vahiki> 

('OIA)HH OK WaI.I-K 

ClIAmCTI.H OK SlClO H'l, ' (i AM> W'oUK, Eti . 

Tuxtilf mills (woolen): • 

I’ieking, euriling, combing ... 4 

'I’wislirig iind dyeing. f» 

Drawing, warping, light goods. 0 

Drawing, warjiing, dark goods. . ., . 10 

Weaving liglit goods . . 8 

Weaving dark goods VI 

Knitting machines ..... 10 

Clotli products: 

Light gooils . . . . 10 

Dark goods. . . 15 

Ijcather manufacluring; 

Vats., . .. . 3 

Cleaning, tanning, stretching 1 

('iitting, llesliing, slutting. . . 0 

k'niishing and scarfing .... 10 

Shoe maiiuracturing: 

Hand turning and miscellaneous S 

Inspecting and sorting material, cutting, lasting (liglitj 10 

Ditto, including st it clung tdark).10 to 20 


With the intensit}' of illtiiniiiaiioii iii tlio working surfaco 
(lotorinincd, and the general type of light sidected, one may now 
determine the number and spacing of lamp units and their height 
above the plane of work. An illustrative example w'ill be given, 
,taken mainly from Bulletin No. 41, National Lamp Works, which 
typifies an ordinary shoj) installation when; the overhead spaiii* 
is not needed for crane operation. 

The building, or room, is 00 by 120 ft., with a height of 12 ft. 
to the trusses. This permits placing the lamf) 11 ft., above thi' 
floor, or 7 }'2 ft. above the plan(^ of work. For the type of lamp 
of the National Lamp Works make that is adapted to this serv¬ 
ice— the JILM dome w'ith bowl-enameled lamp—the tables show 
a maximum s[)acing of 11 ft. T'he room divides better wdth a 
spacing of 10 ft., giving six rows of lamps with 5 ft. clearance from 
the wall on each side. Each light, therefore, wdll serve 100 sq. ft. 

To find the lamp lumens required per square foot of lighted 
area, multiply the foot-candjes of intensity by the depreciation 
factor, and divide by the coefficient of utilization. These terms 
have been defined on a preceding page. 
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The general rule is to use depreciation ^factor of 1.3 for loca¬ 
tions reasonably clean and l.S'foi' more (iirty and inaccessible 
locations. The room is one for medium-grade machines assembly 
work, under good conditions, calling*for 8 foot-candhis at the 
working level. • Hence the factor, 1.3 is ai)plicable. 

The coefficient ot utilization ft? a more variable item. Tabhvs 
are given in the bulletin, spacie for which is not available here. 

In general, it may be said, however, that for rooms of this type, 
for a height of lamp from 7 to 9 ft. above the work plane, and tin? 
Mazda-type of lamp with good bowl reflector, th(' coefficient will 
be within limits of 0.53 and 0.0, where the c(‘iling is fairly light . 
in color a'iid the walls fairly dark. As walls get darker, use 
the h'sser values. For this instance, 0.57 is used. From 
this we have— 

8X13 

Lumens per lamp = q = 18.2pi'r.scjuan* foot. 

'Potal lumens per lamp then erpials 1,820. 

According to the table of the National Lamf) Works this calls 
for a 150-watt Mazda lamp, rated at 2,040 lumens as the nearest • 
standard size. 'I'he number of lamps for the room is 72, accord¬ 
ing to the spacing already designatc'd. 

Had a traveling crane required the lamps 23 ft. alxive the 
floor, the spacing would have been 30 ft., or 900 s(p ft. per lamp, 
the coefficient of utilization would be 0.40, anti tht' lumens per 
lamp 19,150, calling for 1,000-watt Mazda lamps. 

This serves to illustrate the method of comi)utation. Tables* 
must bt! resorted to for unusual cases. ^ * 

Similar rules apply ff)r the mertairy vapor form of lamps. Data 
furnished by the (/ooper-llewitt Filectric Chmi)any show that 
their Type F lamps, set 8 ft. above* the work and spaced 20 ft. 
horizontally, will give an intensity of 9.9 foot-candles. The 
watts per square foot of floor area under this condition is 1.1. 

These quantities are read from the table below, which is from 
Bulletin 202 of tht* (hoper-Hewitt. ('oinpany. Type F is the 
lamp using alternating currt'iit. For their Type P lamp, using 
direct current, dtaluct lO^Ji, from figures for intensity as given 
in the table. This means that, if oik* is looking for a spacing 
which will give a prescribed int(‘nsity, one must look in the table 
for a figure 10% great,er than that required. It^s to bo noted 
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that results indicatedjn this table ^pply to a system of not less 
than ] 6 lamps. This insures ^uH utilization of the angular rays. 

Intensities Phoditced iiy Vi iVpe F — EC Coopeh-Hewitt Lamps 

Symmetiucally Seaced 


Height 


4 

5 
0 
7 
S 
9 

10 

11 

12 

l.‘I 

14 
1.5 
l(i 

15 
20 


Horizontal distance between lamps 


9 '10 Hi 12 i:i 14 . 15 ' IG 18 i 20 


24 


.59 7 43 S2G.G25 
67 5 60 2 43.0 30 

70.8 63 7 46.2 33 
70 8 63 5 48.1 3.5 
69 7 62 4 48 8 37 
67.5 60*0 47.6 37 
64 8,57.6 46 0 37 
62 0 55 0 11.3 3(i 
.58 8 50 0 42.635 
.55.6 49 5 11.0 34 
.52.1 46.5 39 3.32 
18 3 42 0 37.7 31 
44.1 37,6.36.0.30 

39.8 36.0 32 6 27 
.35.5 32.3 29 0 25 


0 19 5 17.1 12 S 10 
023.5 21 5 16 7 13 
4 26.6 24.6 19 3 1.5 
8 28 8 27 2 21 0 17 
2 30 6 29 6 22.7 18 
8 31.7 30.4 23.9 19 
3.32.2 30 0 24 8 20 
2 32.1 29.3 25.0 21 
1 31 5 28 5 21 5 21 
0,30.7 27.7 23 9 21. 
8 29 8 25 8 2.3 1 20 

6 28.9 25 8 22 5 20 
4 27.9 24 9 21 0 19 

7 25.5 22 7 19.2 18 
0 22.9 20 016 5 16. 


5 7 6 6*2 4 2 1.5 
3 10 0 8 0 5 8 2 5 

5 11 9 8 5 7 2 3.5 

3 13 6 10 8 8 3' I 4 

8 15 112 o’ 9 9 5 1 

9 16 4 12 9 10 4 5 7 

6 17 4 13.8 11 0 6 3 

1 18 0 11.4 11.7 6.7 

2 18. 1 14 9 12 2 6 9 

1 IS 0 15 2 12 .3^ 7 1 

8 17 8 1.5 1 12 4 7 2 

3 17.5 1.5.3 12 4 7 3 

817 1 15 0 12 2 7 3 

4 16 2 11 111 6 7.3 
6 1.5 0 12 2 11 2 7 2 


W.atts per square foot of horizontal surface 
6 4 5 3 4.3 3 5 3 0 2 5 2 2 1.9 1.7 1 3 1 1 0 7 


The quality of the mercury vapor light has been coinmcnted 
on. Accompanying illustrations show interior views of tin* jilaiit 
of the Acme Machine Tool Company. The photojn-aphs were 
taken at night under the regular light of the Cooper-IIewitt 
lamps. The one in the assembly section shows the arrangement 
adapted to the traveling crane. 

INDUSTRIAL POWER 

The amount of power required for various industries may be 
determined from data already given in C'hapter II. Various 
phases of the ^subject have been discussed in connection with 
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the financial analysis of industrial enterprises, and there remains 
only the nepd to comment hriafly on for^ns of power equip¬ 
ment in the light of its adaptation*to the physical needs of the 
enterprise. For a discussion of the equipment in its strictly 
engineering asi^*cls, the reader is referred to the books, “Kngi- 
neering of Powcm- I’lants,” by Vernald and Orrok, (McClraw- 
llill Book Company), and “Steam Power Plant Engineering,” 



I' lt;. S. Acim- Macliiiii- {'imiiciny Shop. (riiotoKriiphed under regular lightiiiK 

»‘(Uiiiin»eiit.) 


by (h'bharl (John Wiley and Sons). There are many other 
works of standai-d fo.in pertaining to the design of power plants, 
both from the central station standpoint anti fromJhilt of the 
individual concern. 

Giving alt (Mil ion .first to machine manufacturing plants, and 
to other establishimmts calling ft>r power for the driving of varied 
lines of tools, such as furniture factories, leather goods, and a 
host of others, it has become essentially standard practice to 
use electric motors, ai)pli(‘d either to individual machines or to 
groups of machint's. There are several questions to be taken 
into account in deci{ling upon th(‘ exact distribution of power 
in these w:iys. \i'ry large tools, es])ecially if operated intermit¬ 
tently, may best be equipped individually. Other conditions lead 
to groupings according to various * plans. The engineer must 
hav(^ a free hand in laying out the plan which will^represent the 
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maximuni of economy nndei’ the conditions given him. Such 
plants, as a rule, employ poweD' only for the actual ^requirements 
in the moving of machim; members, without special demands 
for heat in process. , * 

M’hether the eh'ctric current may bc'st ho pu"chased from a 
power company or generated through some form c)f heat engine 
at the plant, is a {pu'stion d(‘p(‘ndent upon the* circumstances. 



l-'Ki. !>. ---Ar-rn«‘ Machino ('ompaiiy Sliiip. (PhotoKraphod under rcKular liKhtiiie 

c‘<piii>iiieiit ) 


With the process hcat-dcanands at a minimum, f)rentii‘('ly lacking, 
as the case may be, there remains as a secondary consi<leration 
'in this question the niattia- of heating the Imilding. Wheth<>r 
the pref<*reqjce will tend toward tin; isolated plant with exhaust 
.steam u.sed for heating, or towanl the purchas(‘ of current from 
oxitside, depends largely on climatic conditions. For northern 
sections of the country, wh(‘re the heating y(‘ar is longer than 
six months, there is a strong likelihood that this nee<l will exert 
a determining influence. For other sections of the country the 
revcr.se may be true. In c(*rtain sections, when* oil or gaseous 
fuel is abundant and the rates for current supplied ]jy central 
distributing cctmpani<*s are higher than obtain in more favored 
sections, the internal combustion engine has become a favoi-ite 
source of power, usually through the medium of the electric 
generator. This is true especially of industries whore the process 
work in it.self .evolves heat, as in certain parts of cement mills. 
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In other portions of such mills the work is of sue.h a nature that 
a very small, amount of artificiaj heat is nhcessaiy. For such 
conditions the internal combustion* engine is a close competitor 
for even large and wcll-cstablish(‘d Ventral service stations. The 
chief difficulty,here comes from the fact that inv(“stni(‘nts are 
high for equipiiKUit of this classt In spite of this, however, oil 
(‘iigines of the Diesel and semi-Dies(;l types are finding (extended 
applications in this service. 

For the establishment calling foi’ considcu-able exhaust steam 
for heating purpos(;s during a large fraction of th<’ year, and pos¬ 
sibly for proce.ss purposes, the choice of power equij)menl con¬ 
stitutes a i»eal problem. The older id(^a, that any sort of steam 
engine can lx; u.sed if tluTC is any use whatso(‘Vf'r for exhaust 
steam, is losing ground in the face* of the competition being offered 
by the extension of the l)ower distribution systems. Old types 
of engines use steam in such quantities that tl^c' handicap during 
the non-heating months is coming to ))e too gnxit t(» be overconu* 
by the use of exhaust for heating at oth(*r periods. This condi¬ 
tion has t(aided to bring about the disapi)(‘aranc(‘ of the steam 
engine from industrial ])lants. • 

A type of engine which has not received from writers on steam 
power plant apparatus the consideration which it deserves has 
coiiK' upon the marked. This is the una-flow steam engine, 
built by (‘ight or ten concerns in this country along designs which 
dilTer in some respects from tlu* basic tyjie set by Professor 
Stumpf. When built with the projier valve equipment to 
control the jicriod of exhaust, and henc(‘ tlu' terminal compression 
pr(‘.ssur(‘, an engine of this tyjie may be operated either condensing* 
or non-condensing. This jiermits economical operat^>n as a 
condensing unit during the non-heating season. Whether or not 
the chang(' from condensing to non-('(mdensing is made for the 
different seasons, the una-flow engine, when built according to 
the l)(*.st designs, has a steam consuiiqition so low that it can be 
operated non-condensing at all tinu's and continue to deliver 
power on an (*conomical ba.sis. For such service, all except the 
smaller sizes should luna* the auxiliary compre.ssion control 
valve, and also the extended tail rod support. I'nless the latter 
provision is made, the difficulti(‘s of piston lubrication become 
sc'rious. 

Special mention of this type of engine is made because few of 
the standard books on steam power iffant d(‘sign_give adequate 
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Fio. 10.—Plant of the R. K. Lc Bloml Madiiiie Tool Company. 
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treatment. It represents an important step in the perfecting of 
power equipment for industrial purposes. <i 

The direct’ application of wa^er* power, except through the 
intermediary avenue of electric current, is now limited to com¬ 
paratively few types of industries. One of these is the grinding 
of wood pulp in the larger paper manufacturing plants. Some 
textile mills and a few flour mills continue to use this method of 
application. The great influence which the available power 
from water exerts on the industrial development of various locali¬ 
ties rests upon the system whereby (dectric pow(‘r is furnished in 
large amount, and transmitted to the point of use. 

In geiK'ral, it may be said that the power element in plant 
design is one calling for careful study. The industrial engineer 
may not b(! an (‘Xpert in the dc^sign of the power plant considered 
as a unit in itself, but he must be well versed in current practice 
in its most advanced forms. It is necessary for him to project 
the design in its gt'ueral outline, and to go far fcnough into detail 
to make th(* ju'oper allowance for space. Fitting the power plant 
into th(‘ g(‘neral building scheme is a matter calling for some 
study. OiK' solution of the question is pre^sented in the accom¬ 
panying illustration which shows the buildings and grounds of the 
It. K. Le Hlond Machine Tool C’ompany, where the plant is in a 
separate building. In its detailed treatiiK'iit, such a plant (;alls 
for the same care and consid(‘ration that is given to the design of 
a ceidral station. In other establishments the power require- 
iiH'uts arc such that it is ])c»ssibl(' to make satisfactory provi¬ 
sion within the procf'ss building. Such adjustment is likely to 
be more economical in iuvc'stmc'nt. One of the primary requisite's 
is to adjust the building j)lan so that transportation of t/a'l may 
be car('d for without iiderfering with the incoming aAd outgoing 
mov(‘iuent of process material and product. 

THE GENERAL BUILDING SCHEME 

Manufacturers are giving luort' attention in tlu'se laltt'r days to 
th(' d('sign of the physical plant. There is a growing recognition 
ol two basic factors: one, that in the accurate adaptation ol the 
building to ]>rocess net'ds there li(\s a distinct economic advan- 
t age; the ot her, t hat t hose feat un's which contribute to the comfort 
of \vork(‘rs and ap])eal favorably to .the aesthetic side of human 
nature, both in interior facilities and exterior surroundings, 
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serve to make the plant a good place in which to work, and this, 
in turn, has a distinct economic advantage. It is another 
expression of the fundamentai ot industry previously expressed-- 
that industry is a living orga»ism in which the material and the 
human forces unite. Echnomic balance wdll not be attainable 
except as the whole body is in a healthy condition. The physical 
plant must be set right in a sane and reasonable manner. With 
that established on correct lines, management can build its 
operating structine. 

Simplicity, good taste, and sound con.struction are the recog¬ 
nized tenets of this doctrine. There is being developed in the 
I'nited States a di.stinctive type of industrial architecture, 
rnconsciously perhaps but visibly, plants are taking on a sound 
and well-kej)t ap])earance, with light and comfort as th(' promi¬ 
nent characteristics. It is not similarity iii physical ai)p(‘aranc(', 
but a similarity in tone. Perhaps it is the lamp of truth, to us(‘ 
the symbols of Kfiskin, that gives expression to the type. The 
house should tell its own story of what is hous(*d. Indu.strial 
plants should proclaim their true i)uri)Ose. This th(‘y can do 
with fredit to architectural judgment, and this they are doing. 

A general plan that is comprehensive, ade(juat(^ for all present 
ru'eds, and suited to possible extensions in the future must be 
adoi)ted. This has both (wterior and interior eleimuits for 
consideration. Street lines, railroad liiK's, availal)](‘ land, points 
of the compass all influence decisions as tc) type of building and 
plans for future extensions. Whether (‘xtension slumld be made 
by adding to length or width, or by building entire new units, 
depends on tin* same factors and upon character of operating 
process,as well. Intelligent study is reejuired. I'o this point 
the discus.ston returns on <*very phase. Study and analysis of 
each set of conditions is the criterion of correct designing. For 
this, it is not a set of rules that is Jieeded, but trained minds which 
have seen visions. 



EXERCTSES FOR PART I 

In the condiictirifi; of student fduss work with tliis vf)lun)c iis a text, tlic 
study of t.he printed nuiterial should be aceuiiipaiiied by exereises ealculatoii 
tr) indvice thoufrht and train the judsnierit in making applications to local 
conditions. Supplementary Heading of the numenuis reference.s is necessary, 
esp«“cially in collecting data on spei’ific industries. For this, the reports 
of the 1'. S. ('ensus are valuable. I.ocal industries in whatever I'ity one may 
be should be studied. Focal conditions may be obsiTvi'd, ami students may 
well dcvot«“ film* to an analysis of transportation facilitic's, housing for 
industrial emjdoyces, ex'isting power restmrccs, and other factors peculiar 
to the situation. I'hey should be reiiuircd to .select .sites for .specified plants 
and use actual me.a.surements in their design work. 'I'lie point must be 
observed that the objective is to design an indu.stry. not merely the jilant in 
its j>hy.sical asjiects. ' 

'rhe following excrci.ses are suggestive only. In each locality the indu.s- 
t rii*s to be investigated should be tho.se which are apiirojiriatc to the region. 
Reports should bc‘ comi>lete as to form, and made with all the care which 
wouhl be exercised by the consulting spechdist who is preparing material for 
a company about to engage in a coniinercial enterpri.se. 

1. Analysis of Development of a Specified Industry.—This is to be a 
report on the growth in tin- I'nited States of some industr>, treated histori¬ 
cally ami taking into account the (‘tinditions which hav(‘h'd to the locating 
of ]>lants in tin- various parts of the countr>-. .\mong the various influences 
to be considi'red are: 

a. Markets, in respect to character and extent of demand for the article 
produced. 

h. (leographical ]>osition of the market; tendency to shift with jiopii- 
lation and with comnuNrcial developments. ^ * 

c. Factors which have caii.sed it to become localized, in ca.se it is a loealized 
industry. 

Then* .should be extcauletl class di.scussions and i-riticisms of the* material 
gatheretl and of the interpri'tat ion of ilata, following which the report may be 
given its final form. Industries a.ssigned should be of basic types, .such as 
iron ami steel, cotton goods, woolen goods, cement, boots and shoes, fltuir 
milling, locomotives, automobiles, agricultural implements. 

2. Development of a Market.- 'I'lit* location of the plant will be assuineii 
at the start, presumably at the point where the stinlent happens to be, unless 
the product is one calling for raw materials which are obtainable only at 
certain localities. The market will then be ^iesignated in its main boundaries 
and reference made to freight rates, on the jiroduct, to primary distributing 
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points compared with rates to the same points from principal competing 
plant locations, according to the methods outlined in Chapter 111. From 
this analysis of distribui-ing costs th^msirketing area accessib^lc to the chosen 
location of the plant will be defiiltoly established. 

The next step will be the preparation of a map of the territx^ry. On this 
will be shown the leading totvns, all railrf)ads which will figure in the dis¬ 
tributing plan, aT>d districts where sales \\*ill be heavy. * This calls for the 
marking of districts where special elT# ris are to be made to develop business, 
such as petroleum fields for the oil well supply trade, if the jdant is one 
manufacturing that class of equipment; agricultural areas es]M‘ciallj' favor¬ 
able to the use of a sjtecial ty])e of implement or tractor, if that is the line to 
be built; or some indicating plan to show density of population, if the articles 
to be made are for general sale. In .some case.'' it will be possible to indicate 
the origin of materials, or the trans])ortation lines bringing materials to the 
plant. 

In each case the student is in the position of an exjx'rt inve.stigator >\ho 
has studied the territory to determine its needs, its trade customs, the 
sources from which it has been drawing its supj>]y of the articles under con¬ 
sideration, and its development tendencies. He is to jiresent his rejiort. 
covering matters whjch will determine the .selling jiolic} ol the company, in 
which he will include the following point.s: 

a. Will the articles sell direct to consumers with .shiinncnts from the 
plant in original package, or will it be better to establish distribuling houses 
where stocks w’ill be carried and to w Inch .shijiments may be made in carload 
lots? 

b. If the latter, shall the comjiany maintain its own branch .selling organi¬ 
zation, or .shall it secure local rejirescntatives on a commission basis? In 
the latter case it must be considered whether the agent is to handle the.se 
goods exclusively or in conjunction with products of other comjianies in 
lines which will be .supplementary to our own, so that he will be m iiosition 
to offer to customers a more conijilete line of goods. 

c. Shall sales be made direct to the retail trade, and, if .so, to wh.at extent 
should the comiiany cooperate through advertising and the furnishing of 
special .samples and articles jiut uji in convenient lots? 

d. Prifisio^i to be made for covering new projecLs in the territory in which 
there would be a demand for the jiroduct. This has special significance 
when the product is one like brick or cement, u.sed in quantity in construct ion 
work. 

e. Estimates of the consuming capacity of the territory, and of each of the 
important divisions thereof. 

On the basis of the report there will b<- jirepared an organization plan for 
the sales department of the conqiaiiv. 

Industries that are well adapted to this form of study arc farm tractors, 
tools, pumping machinery', gasoline engines, trunks and miscellaneous 
leather goods, paper boxes, paper goods, such as ice cream cartons and 
butter packages, shoes, w’ork clothing, brick and tile, furniture, metal 
office fixtures and furniture, and machine tools designed for garage supply 
or other specialty. The list might Vic extended indefinitely. 
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3. Analysis of an Industrial Enterprise. —The object is the determination 
of operating conditions and expenses, including an (\|jtimate of the cost of the 
article produced, for a plant of given Isize, type, and capitalization. Ques¬ 
tions of investment or financial stability arc not involved, it being assumed 
that the enterprise is in normal conditio^i with plenty of capital tx) insure a 
])roper balance of resources in its stocks, both raw and finished, in relat ion 
to i)roducing caf)acity. Reference is to the discussion in Chapter IV 
and to the table of the relative values of production factors at the end of 
(’hapter II. 

It is well to make this a follow-up of the preceding exercise. Assume that 
the study of marketing (conditions there made has resulted in the establLsh- 
nient of the manufacturing idjint, for, w'e will say, a line of pumi>s and 
stationary-type gasoliiw* engines to be used in making up p\im])ing sets for 
isolated service. .Special applicat ions are for irrigation, general farm service, 
transfer jxinfping of oil on oil leases, and small-town water supply. It nmy 
be assumed, also, that I lie pumps are adapted for driving by electric motors 
when current is available, and also that some engines will be built for service 
other than for connection with the ]Mimp.s. Tlii.s makes the ])ro(luct flexible 
with ])lenty of oi>]iortunity for variation.s of types to adajit to changing 
market conditions. • 

It is a medium-grad(‘ imiduct, in the class of general ‘‘foundry and machine 
shoj) ]m)ducts.'’ 'I’liii illustrative exiTCLses at the end of Ch.apter II serve to 
indicate the use of the table values in adjusting to present-dav w'age .scales. 
.V total investment of $4t)0,()00 will be used, this covering plant coruplete, 
m.aterials and linished goods on hand, and working cajiital. After finding 
the probable value of product from the table, the student may estimate the 
weight of product handh'd by taking an approximate .selling price of 22 cts. 
per pound. 'J'liis is done mendy to give a guide in visualizing the plant 
activitit's, (‘specially in calculating the cost of materials. The final result 
of the cost calcul.'itions is to be used in checking back on this value of product, 
'riie unit costs of materials—])ig iron, bar steel, forgings, etc.—will be found 
from current market reports. The weight of the pum]>s and engines per 
unit of capacity may be estimated from catalogs or calculated from designs, 
literature to serve as guides in this work being available in most technical 
libraries, or obtainable from manufacturers on request. • 

The analysis is to be detailed to show items of materials, productive and 
non-jm»ductive labor, factory and general overhead, sales expense, mainte¬ 
nance and rejiairs, depreciation, iii.surance and taxes, and investment 
charges. 

.\ny of the other products mentioned in Exerci.se 2 may be treated in 
corresponding manner. 

4. Analysis of Cement Mill.-—In Chapter IV there is given a discussion of 
the jiroeess of manufacturing port land cement, and a financial aiialy.sis of a 
2,500-l)bl. mill. Th(‘ student is now required to duplicate this analysis for a 
mill of capacity of 4.(KK) bbls. per day. 

The first step i.'t to make a sketch drawing, appmximately to scale, of the 
mill for which the data are given in ('hapter IV, showing the buildings and 
major items of equipment. From this he tiiay then proceed to enlarge the 
plant, and so arrive at a basis for estimating the lmilding.s and other main 
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items of cost. He may properly assunfe a proportionately large bond issue 
in the financing plan, in order to calculate fixed charges. 

In the calculation of operating cotfts, certain items, like fuel and power, 
will vary in proportion to capacity. Others will vary according to a le.sser 
rat io. Labor and salaries of otticia?s, especially, will increase slowly. Sales 
expense will be but little larger than for the smaller plant. Miscellaneous 
items may be assumed as about 50% greater. ' 

6. Design of Manufacturing Plcuit.— In this nxerci.se the student is to put 
into concrete form f(»r some selected industry the princijiles which luuu' been 
treated in Chapter V. This enterprise, it is to be a.ssuined, has been fully 
studied as to market and location, and also financed. There remains to be 
carried out only the design of the plant itself, wliicli ta.sk is of supreme impor¬ 
tance in its effect upon the ultimate success of the company. Kor manih'st 
rea.sons it is usually desirable to take a machine manufacturing plant. 

The work consists in making a complete study of the sch'cted article, 
analyzing the proce.ss steps in manufacture. Each jiroci'ss is con.sidered 
with respect to character of operation, the type of tool reipiired for th«' 
work, and the time required. The tool equipment is thu.s iletermined and 
.selections made. Space requirements in the jilant are then fixed, and the 
arrangement of the space worketl out on a general floor plan drawing with a 
complete study of the routing of material. The.se st(*ps have been di.scu.s.s(‘d 
in the text, and will be followeil in full detail. Tran.sportation into arnl out 
of the plant, storage requirements, power and lighting systems, adminis¬ 
trative offices, and all service demands will be givmi adeipiate consideration. 

After this is done, treatment in a.s complete manner as is juKssible in the 
available time i.s to be given to the building construction plans. This, again, 
is to be in accordance with the discussion given in the text, on which there is 
no need for additional comment here. 

'Fhe scale of operations, in order that the jilant may be of a size justifying 
the care in design that is contemplated, is to be fixed on the basis of turning 
out not less than $4()(),tK)() worth of work annually. This may mean a 
tonnage output of 800 tons, more or less according to the character of the 
machine to be built. 
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PRODUCTICfti PRINCIPLES 


In the several cliapters of Part I, the proeeas of analysis has 
hocn traced, through which the physical characteristics of a 
proposed industry inay ])(‘ ostaldishod. In that work little, if any, 
attention lias l)e(*n piven to the* human factors, {‘X(«*pt as jirogreas' 
in plant d(‘sign has taken eoKnizance of the necessities arisiiiK 
from th(‘ housing; of workers. Attention has been centered on 
the (levelopnuiiit of markets and of materials, in ri'lation to their 
influence on the location of enterprises, but in all other respects 
the matter has dealt specifically with the physical recpiirements 
of the work to be doin' in the shajiiiip; of material, and with tin; 
[)lants tiiat should accommodate those operations. In the very 
brief treatiiK'iit givt'u to the historical develo[)ment of industries 
in this country, only the bare facts have been considered. The 
influence of transportation and tlu' needs of communities were 
immtioned only in an objective way, in theirrelation to the growth 
which took place during the early years. 

The purpose of Part I has beim to outline the process of indus¬ 
trial design. Distinction is made between the design of an indus¬ 
try and the design of an industrial jilant. Stress had been lakl 
on th<‘ former. An industry begins with the consideration, 
of the plac(* which the jiroduct. is to assume as an article of ('om- 
inerce. To produce ever so ably, accomplishes ne4hing unless 
then- is a market demand. The successful producer knows his 
market and its needs, and, furthermore, is able to estimate the 
develoinnent of (Uanand. The engineer who would design,or 
conduct investigations jireliminary to the establishment of an 
enterjirisi*, must be able to analyze a prospective market and 
plan the form of selling campaign which wdll develop it. These 
matters have beim discusst'd in detail in the early chapters of the 
book. 

Following this consideration of the characteristics of product 
in respect to their meeting the demands of jirospective purchasers, 
there have been considered in order the various phj'sical factors 
which determine the method of manufacture; locations which 
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meet satisfactorily /the rcquirempnts of manufacturing and 
transportation; the detailed aijalysis of the article to be produced, 
for the purpose of determining^the character of equipment and of 
service that will be required in the manufacturing jnocess; and, 
finally, the design of the plant as a phj’'sical struct uie t o accommo¬ 
date in an effective manner the’vari(‘d etpiipment and i)ersonnel 
to be employc^d in the process work. Some of these questions 
have touched in a remote way upon the human jnoblems of th(' 
industry', but in the main they hav(^ had to do with the impersonal 
contacts of the market and the physical forces of productitm. 
The orderly treatment of these (‘lements which ('nt(^r into th(‘ 
design problem is the significant feature of the work ds a whok'. 

Industry today is demanding a careful and scientific scrutiny 
of methods of proiiuction. It is the dominating characteristic 
of the present, and will lx* so in even more definib* manner in the 
future. It calls for the application of sound analytical methods 
to the solution of production problems. Many of the industrial 
failures of the past are traceable directl>’ to an insufficient study 
of markets and methods of reaching them. Many others havi* 
been due to unsound methods of finance and insufficient capital. 
Future industrial engineering practice will be characteriz('d by its 
consistent attention to these matters, and to the dev('lof)ment of 
proper methods for comparative study. 

Systematic design along these lines is the basis for operating 
efficiency. This is the same as saying that it is th(‘ basis on which 
low production costs may be achieved. It is upon lowered pio- 
duction costs that future* industrial j)rogress depends. Tnless 
the United States wins in its struggle to produce* ge)oels at a ce)st 
low enough*to overcome the handicap of transportation (*.\pe*nse*, 
the markets of the we)rld will be closed against it and gre>wth 
limited to domestic needs. 


The treatment in Part I covers only that portion of the* fie*lel 
which relates to the physical process and plant. The n(*xt step 
to be taken is that of establishing the relationship of the propos(*d 
activity to other business interests with which it must operate*. 
The company must be e>n a sed.tle*d legal status, e)rganize*d for the* 
purpose of meeting its external obligations in an e)rele!rly anel 
proper manner. There are various alternative plans for accom¬ 
plishing this, and a judicious selection of methods to be followed, 
as well as of the exact legal form to give the company, must be 
made. 
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The company must be in proper relations with the banking 
interests. 'J’his means that ils securities, alid paper of all forms, 
must be properly placed, and in arnounts which bear sane quanti¬ 
tative relation to the existing physic£^l property which measures 
the primary investment in the enterprise. These arc not 
questions of haphazard judgmK'nt, but ones which are to be 
settled on the basis of conservative financial policic!s and in 
accordance? with wcll-Cistablished principles which are fundamen¬ 
tal in the banking business. It is on the correct solution of these 
(luestions that the credit strength of the enterprise will rest, on 
which it may be f?aid that the final success of the enterprise 
depends. • 

It must have an op<;rating plan for the conduct of business with 
outside parties. There must be adequate provision for dealing 
with those who supply material, with those who purchase the 
product, and with those who furnish transportation facilities. 
These and kindred activities involved in the conduct of business 
must be recognizetl in the operating organization. 

There must be a proper internal operating plan for the conduct 
of producing activities. In the past, this has been a neglected 
item, but it has now come to be recognized as something on which 
the ultimab' success of the enterprise will depend. In part, it 
is a matter of organization, through which there may be realized 
the necessary coordination of effort. In part, it is a matter of 
internal administrative policy, uppermost, in which is the ev'er 
present (piestion of industrial relations between employer and 
employee. 

These and many other itf*ms in the conduct of operating 
plants make up the sum total of administration. ^ Primarily, 
they have to do with the various human elements which dominate 
industry'. They hav(‘ points of contact with governmental ant! 
financial agencies. Physical, financial, legal, and human factors 
are involved in the administration of any enterprise. It is on the 
correct handling of thcs(' fact ors that the success of any industrial 
enterjirise tleptmds. Part I had to do primarily with the analysis 
of the physical factors. Part II is to be devoted to an examina¬ 
tion of the other thi'ee. 

INDUSTRIAL FORCES 

When we begin to study the problems of organization and 
admini.stration of enterprises, we find in operation fi set of forces 
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different from those dealt with in Part I. The human element 
begins to tell more largely, not alone as to the complicated rela¬ 
tions which may exist bet ween employer and employee, and which 
must be considered in th^ adjustment of management details, 
but also in respect, to the motives and ideals wh^ch have influ¬ 
enced the builders of industry in .establishing its lines of develop¬ 
ment. We say now that some industries should be located with 
reference to the market, a(*cepting the present distribution of 
population as an established fact. The time was, howeveu’, when 
tlu'se marketing centers did not exist, and some other set of 
influences determined the development tluU r(‘sulted in the 
present distribution of j)opulation. Some of the .influences 
were impersonal, such as the location of natural deposits of fuel 
and ores, the existence of fon'sts and streams, but the ideas and 
ambitions in the minds of the projectors of enterprises were (‘ffec- 
tive at many poin|,s in setting in motion the current of events 
which determiiu‘d the industrial progress of cities and ev(*n entire 
states. !Many an establishmcmt, and even entire industries, are 
in their present locations lu'cause of such jM'rsonal motiv'os. It 
is ea.'<y to imagine a distriluition of industry in this country quite, 
different from that which now exists, on the ])asis of different 


human motives. While certain major characteristics would be 
bound to exert the influence which thi'v have ex<Mted, what(‘V(“r 
the personal desin^s of organizc'rs might have be(“n, the j)ersonal 
element produced definite results in many instances. 

For many years the industrial activities of this country weie 
concentrated on the development of natural resource's. Idu' 
’ lands of the West were being oy>en(‘d up and th(‘ fe)od-proilucing 
power w*as ^far in (*.\ce.ss of the deanands of tin* population. 
Foreign trade in these surplus products e)f the faiin, as well as 
of the forests and mines, b(*carne an important element in com¬ 
mercial transactions. It became a settled doctrine* that raw 


materials should make up the bulk of export (^ommodit ies. Tariff 
measures w’ere enacted in accordance with this plan, ceuipled wdth 
the idea of a tariff to protect the growing manufacturing indus¬ 
tries. It may be a strong statement to make, but this conception 
of international trade had the result of w'asting the* gn^at natural 
resources of the nation, and of leaving for the coining gen(*rations 
the serious task of remod(*ling an industrial system. Perhaps 
it w'as inevitable that it should be so, but in retrospect it seems 
regrettable that the early promoters should have skimmed the 
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cream, and that industry must now contend for existence on a 
d’fferent competitive basis. 

Under those earlier conditions, irtdustrial centers and our great 
railroad transportation systems \\«ere established. Every effort 
had to be made to move bulk commodities of low value over long 
distances to seaports, as well as to the great centers of population 
which grew up in accordance with this commercial policy. It 
was to the interest of the transiiortation industries to have return 
freight, which could be only in the form of manufactured goods 
destined for consumption at the point of origin of the raw material, 
Lcuig-haul shipments of both raw material and finished goods 
1 11 us became the distinguishing feature of the industrial system. 
Wliile the cream was thick and ready for the skimmer, centraliza¬ 
tion of manufacturing industries, as well as the segregation of the 
agricultural producing activities in the West, was the order of 
the day. Ajijiarently, no account was taken of the inevitable 
conseipience to follow from such practice; resuilts in the form of 
great centers of population, wheri'in crowded workers breathed an 
infested atiufispherc of false industrial doctrine, and where the 
cost of living was bound to rise* by reason of the long-distance 
transportation of food supplies. While this development has 
gone on, the demands for transportation have been growing, 
d’he records of several decad(‘S show the transportation demand 
of the Unit(‘d States to be increasing approximately as the 2.S 
powiM- of the })opulation. If continued, this will produce a 
situation that is unbearable. 

While w(! look at the foregoing stat(*nient, which presents 
mendy certain obvious facts, we must consider the influences 
which were being exert( mI from the promoters’ side. iPhe real 
industrial development of the country had its beginning in the 
(‘ra of railroad building following the (’ivil War. For nearly 
half a century industrial progress was controlled in large measure 
by a group of moneyed interests in Nc'w York. Not alone the 
railroads, but the manufacturing industry in all of its major lines, 
came und(‘r the direct influence of these interests. Companies 
were organized oi- destroyed during pleasant luncheon conversa- 
tions, at the nod of this or that influential banker or capitalist. 
Credit, that all-powerful instrument for the determination of 
success or failure of business enterprise, was granted or taken 
away as this or that personal inteiwt might dictate. Very much 
of this manipulation of industrial interests was perfectly honest 
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and aboveboard. This treatise is not one in which the innate 
honesty of men is difecussed, but the point is that it was under 
such conditions that the trend of industrial development in the 
United States was determined. Alany jdiases of this devcloi>- 
ment, while jierfectly sound from the stan<lpoint of l,h(* then 
existing conditions, were cpiile jit variance with the plan which 
would have been followed had tht're been a clear(*r vision of 
what the future wouhl bring forth. 

Following that period of intensive ca])italistic planning, cami' 
the passage of laws regulating the met hods-of the great insurance 
companies, saner banking laws, which curbed the operations of 
various trust companies, and, finally, the Federal Kesg.rve Bank 
Act, which took away from New York the control of the credit 
of the country. With this has come the possibility for a more 
consistent consideration of the ultimate economic needs of the 
country, and the methods of meeting those ne(‘ds through a plan 
of development that is in closer harmony with natural (*conomic 
tendencies. 

Coincidcntly with the decline of tin* money j)Ower in the metrop¬ 
olis, the producing capacity of the nation has reached a new 
balance with both domestic and foreign demand. (Iradually, the 
exports of raw wheat, cotton, and lumb(‘r have diminish('d, both 
absolutely and in relation to the domestic d(*mand. In wheat 
and lumber the cream has been skimmed. ()ther nations, bles.sed 
with great producing powers, and jierhaps sufb'ring under their 
own unwise local policy of reaping the naidy harvest, are nu'eting 
the producers in this country in the open markets of the world. 

• The wheat produced by the Argentine farmer is 5 or (> cts. |)er 
bushel iwarcr Liverpool than is that produced by the Kansas 
farmer. A flitferent set of conditions in resjx'ct to our (^xport 
trade call.s for different treatment. 

Under the impulse of the W’orld War th(‘ United .'States b(*canie 
a great manufacturing nation. The exfiort trade for manu¬ 
factured articles stimulated industry \mtil the fiotential produc¬ 
ing power of the mills and shops far exceeded the (hanands of the 
normal domestic trade. In the years folUiwing the clo.se of the 
war, a process of readjustment has been going on. '^rhe potential 
producing capacity still demands a large export trade. To gain 
in the foreign market, arid to hold tlie market ac(juir(*d during the 
period of disturbance, have* demanded economic production. 
In many lines of manufacturing in this country, the export trade 
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has amounted to from 10 to 20,% of the total product. Prosperity 
not only in •these but in many rented industries demands that 
the foreign trade be maintained, which demand can be expressed 
in corresponding terms of low product'ion costs. 

With these c«on<litions b(Wi»re us, it is realizc'd that the methods 
and personal inotiv(‘s which giiickHl the actions (jf the dominating 
personalities in New York during the great developing period led 
to different results from those which w’ould follow^ from a correct 
aj)plication of conditions of today. A problem of twofold pro¬ 
portions confronts the manufacturing interests of the (rountry. 
The normal demands of the present competitive system which • 
exists in the markets of the world must be met, and at the same 
time the mistakes of the jiast must bo c-orr('cted. This has its 
parallel in the fact that managers of industries must not alone 
meet the i)roblems of labor in their bearing upon normal produc¬ 
tion uiuler present-day conditions, but therck must also be cor¬ 
rected the mistakes of past years, out of which has developed the 
bitterness of internecine si rib*. The producer today must not 
only meet the ctmditions of high transportation cost arising 
naturally from tlu* long-distance transportation of man>’^ com¬ 
modities, but must also overcome the handicap of the system 
which involves unnecessary transjiortatjon resulting from a 
d<*velopmerit of the past under a prejudiced regime. In all lines 
tliere is tin* demand for construction and reconstruction along 
intelligent lines. It is a situation that calls for careful planning 
and for t lu* bi’st brains which the country affords. 

THE MAJOR PROBLEM 

In order to avoid the charge of appearing to take the ground 
that all methods of the pa.st are wrong and that revolutionary 
practices must be instituted, let it be said that p(*oph* learn from 
past experience and that changes in the realm of industry come 
gradually. It is for the purpose of emphasizing the ultimate 
aim that the foregt)ing discus.sk)n has been dir<*cted in such 
manner that it indicates a radical departure. No such radical 
change is possible or even to be cont(*mplatt*d. It is sometimes 
desirable, however, to paint in contrasting ctilors for the purpose 
of bringing into clear view’ the major motive. In the field of 
industrial development this major motive is systematic planning, 
based on an analysis of all the elements w’hich .enter into the 
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situation. In this, the emphasis is on the taking of all factors 
into account. Too much of Jtho so-called scientific .planning for 
the improvement, of operating conditions, which has been carried 
on tluring the last two decvides, has been based on a consideration 
of only a portion of the facts. The time has conir when all facts 
must be taken into account, both material and human. 

Administration must concern itself with the elimination of 
avoidable wastes in industry. It niaj’ be said that. th<' elimina¬ 
tion of waste is the center and substance of the new thought, in 
industrial economic lines. The captains of industry who 
determin(‘d the character of enterprises during the gri'at dt'vid- 
ofunent jieriod were following a lin(‘ which eliminat.(;d oih* kind 
of waste, even though they created other forms. Transportation 
in that (‘arlier period made concentration at the seaboard points 
(‘conomical. But with thi- ext<*nded network of railroad lines 


created by these same developing geniuses, there was created 
condition which made decentralization a means for saving 
wastes in many lines of enti'iinise. This is what is meant when 
we say that those organizia-s devidoped the conditions which 
produced sources of waste at the same tim(‘ that they wi're work¬ 
ing for (‘ffective operation. 

The wastes of transportation are too numerous to mention. 
It has already b(‘cn noted that the diauand for freight trsifrnr is 
excessive. Our centers of population are too far removi'd from 
the centers of production of foodstuffs and other commoditii's, 
and there is waste in th(‘ actual carrying on of t j ansiiortation. 
('oncentration of industry has led to cong{*stion in the crowded 
teiTOinals, until it has come to the jioint in some cities that 
transpoflati,on facilities are not adt‘nuat(* to take car(‘ of 
the product of mills and factories, should all of the latter be ]U‘o- 
ducing to full capacity at the same time. Through traffic, which 
never should enter the.se congested iioints, is jamming the* ter¬ 
minals in many of these cities. This rejnesents waste, produced 
in [lart by a policy in railroad di'velopment which was correct 
enough for business as it exist(^d during the* active railroad build¬ 
ing period, but which is wremg as viewed in tlie light of develop¬ 
ments which have tak(‘n placf‘ sinc(' that (u-a. 'riu* discussion 
in this volume bears on this (piestion of transportation only as 
it may have to do with the question of the location of industrial 
enterprises. The opportunity is taken at this point to call 
attention rncr^dy to the existence of the w'ast<‘.s involved in tin; 
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carrying on of the great transpbrtation industry of the country. 
It is a condition which must be remtldicd by intelligent 
action. One manifestation of it is its call for decentralization of 
industry. • 

Anoth(^r waste, already mentioned, lies in the fact that our 
centers of population are too far removed from the source of food 
supply. ]!]xpressed in terms which have a bearing on the ques¬ 
tion of the planning of industries, this means that industrial 
d(;velopment on a significant scale in each of many hundreds of 
smaller towns scattered throughout the country would have the 
result of building up home markets which would react in favor 
of ])olh tluMnanufacturing and the agricultural interests. Long¬ 
distance; transportation places a handicap on the farmer who is 
d(;voting his energies to the growing of specialized crops, such as 
wheat., Biing the people into medium-sized towms nearer the 
source of food, and there is created a stimulus for diversification 
of crops, and a prospect of better food for the consum(;rs and 
better price's for the producer. This probk'm of adjusting the 
food supply to the needs of people is given more attention at 
the present, day than it received a few decades ago. Iqsofar 
as reduced prtxluction cost of manufact ured articles is related to 
a ]owe,r(‘<l wage scale, the cost of living is a matter of first signifi¬ 
cance, and the cost of food is paramount. Whereas, in the past 
this question of food supply and its effect on the cost of living has 
l>een considereil piin'ly as a resultant of other economic forces, 
the time is near at hantl when it wall become one of the primary 
considerations. Alrc'ady many companies arc looking about 
for an opj)ortunity to move from congested centers into smaller 
comnumities, where the problems of living and the socialatmos- 
l)h(;re an; more favorable to the maintenance of ifti effecitve 
working organization. 

There arc wastes incident to the character of product. In 
many lines of activity, unnecessary labor is being performed, 
with consequent incicase in cost, because of unnecessary varia¬ 
tions in types. (.Iraniiag that the marketing of certain articles 
is facilitated by making them in a manner that wdll attract trade, 
there exist, nevertheless, possibilities of simplication and stand¬ 
ardization. A notable instance which illustrates this point was 
afforded at a meeting of paving brick manufacturers a few' years 
ago, at. which an agreement w’as reached to reduce the number of 
stylos of brick to about one-fourth of the number w’hich had 
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previously been on the market. Such a result produces no 
injurious effects upoU the workers producing the article, since it 
is no more fatiguing, or mine!-wearying, to produce' one style of 
brick than to produce another. What was true in this instance 
would bo true in many others, in varying degr(*(‘. Standardiza¬ 
tion of products is decried in certain places. Sometimes the 
contention may be sustained' that workers are subjected to 
monotonous tasks and that, the results gained are not commensu¬ 
rate with th(‘ human losses. In many other instances this con¬ 
tention is of no significance. The conclusion h(‘re is exactly the 
same as that expressed at other points, namely, that all of the 
facts which bear upon the case must be taken into account in 
order that th(‘ correct results may be arrived at. Sound analysis 
on a basis such as this never fails to produce the correct result. 

There are wastes incident to process. This is so j)atent. a fact 
that comment is unnecessary at this jdace. The methods of 
process analysis outlined in C.hapter indicate the liiu' of .study 
which is necessary in solving the physical (piestions involved. 
Here, again, criticism is encountered from tho.se who see, in the 
standardization of methods of work, the possibility of injury to the 
worker. One answer istobegiventothiscriticism. If thc'undhod 
adopted for carrying on of the process step is one which results 
in undesirable conditions for the worker, and a comiietent and 
unbia,sed study of the situation shows that th(‘ loss sustained is 
of material significance, then the method is not the correct one. 
It is necessary to repeat again and again the statement that no 
system of analysis is scientifically correct if it fails to take into 
account all the facts which bear upon the situation. The human 
elcmeid is one of these facts and must be givmi its pioper shan* 
of attention. In general, it may be stated that, in American 
industries, practice has reached a much more advamred stage in 
matters of process and e(}uipment than in ri'spect to tin* human 
agencies. Alanageinent has lagged behind, and only I'eciuitly 
has it assumed the position of importance which it disserves in 
the eyes of the administrator. 

There are w'astes incident to e(}ui])ment. While it is true that 
the past generation has witnessed marked improvement in work¬ 
ing equipment and all of the attendant machinery employed in 
the application of mechanical energy to industrial proces.ses, 
there is still room for further improvement. This is clo.sely 
related to the problem of utilization of equipment through effiic- 
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tivc management sytems. There arc some phases of the 
question wh^ch relate solely to equipment, however, particularly 
in respect to power economics. Ever present is tin; question of 
generating power in th(5 private plant, where auxiliary service 
may w^arrant it^on the one hand, or purchasing power in th(? form 
of eh^ctrical energy on the oth«w. In the past gemeration, fuel 
cost as comparc'd to labor cost was less than that which now 
obtains. ( \)al was relativcdy cheap and labor high in this country, 
as a result of wliich great strides wc're made in perfecting labor- 
saving equipment with l(‘ss attention to fuel economy. .\t the 
present time the hij?h iv'lat.ive price of fu«*l is changing the point 
of emphasis, or, at least, is bringing again tf> the minds of indus- 
ti’ial managers the importanc(‘ of the i)ower ehunent. in manufac¬ 
turing. The saving to b(* accomydished here in the manufacturing 
industries may not l)e great. In other fields, notablj" in railroad 
transportation, th<‘ jirospc'ct of fuel <‘conomi,es constitutes an 
alluring opportunity for tht‘ man who is inclined to enter upon 
the study with cart' and skill. It is a safe |)rediction that a mate¬ 
rial reduction in the total fuel needs of the country would bt* 
I)ossible if all the iiulustrial activities of tlu* country wei^e to 
realize in full mt'.asure the econt)mi(‘s that are attainable through 
well-establislied steam boiler yn-actice. Still further reductions 
will be achieved as the railroads bc'come able to ecjuij) accor<ling 
tt» the best of modern ideas. 

I'here are wastes, the most alarming of all, through failure to 
n'alize in lull measure the n't urns of huinan effort. It is in this 
line that industrial managenu'nt of the ])ast has made its most 
consyiicuous failun's. Only in recent years has serious study been 
given to methods calculated to make laboi' effective'.^ Ihis is a 
subje(‘t so sweeyjing that an entire chapter is to be given to the 
discus.sion of yx'rsonnel administration. It is a fruitful field for 
anyone .seeking of)portunity to exerci.se his executive' abilities. 
The entire question of industrial administration centers around 
it. 


PLAN OF TREATMENT 

Tn summary, administrative functions in the intlustrial field 
are to be considered under two general headings: 

Determination of policies in ext(*rnal n'lation.s. 

Executive control in internal management problems. 
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Under the first come all of the questions regarding company 
formation: conditions of its chartering for the fixing of its legal 
status; financing; and the control of major activities involving 
making of contracts, aqd associations with other organized 
companies. ITmler the second come all of the questions pc'rtain- 
ing to operating procedure, including organization types and 
division of managerial resi)onsibilities. In the succeeding 
chapters these matters are dealt with, approximately in the 
order which would be followed in the formation and organization 
of an enterprise. 

The plan of the book is thus made to conform to the order of 
events which would be followed in the establishment of an 
industry. Part 1 covers the study of the character of the j)ro<luct 
in relation to market demands and conditions; tin* choosing of a 
location; the making of j)reliminary estimates of the cost of 
jmoduction; and the fixing of the j)hysical characteristics of th<‘ 
industry with respect to product, (‘{piipment, an<l plant layout, 
In Part TI the work is continiu'd under the general headings of 
the formation and chart(‘ring of the company; financing; deter¬ 
mining the type of internal organization; and the basic elements 
of personnel administration. Appended to the j)rimary discus¬ 
sion, is a brief treatment of cost accounting from the standpoint 
of the keeper of shop cost acc<)unts, and the ehnnents of the law 
of contracts. These latter are but bri(?f discussions, made up in 
considerable j)art of (juotations from standard authorities. 
The reason for including them is to enable students using the 
volume as a text to gain an underst.anding of the simider elements 
of these subject.s, which an* of inqwirtancf* in the conduct of 
engineciin^ work. 
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ORGANIZING*THE COMPANY 

Business orgaiii/al ions, industrial and otherwise, are commonly 
classified under three heads according to ownership. By 
“ow'nership” wc nu'iin the control of the property itself and of 
the regular outst’anding slock considered as evidences of the- 
I)roperty.» These three tyjv's arc*: 

Individual ownership. 

'^riie partnership. 

'I'lie corporation. 

It is now to be tissimu'd that the industrial enterprise under 
consideration has been cariied tln-ough the several stages of 
design, as outliiu'd in Part I. 'I'he person (or group of persons) 
interested in its development has carried the proposition to the 
point where he has in mind a (k'finite picture of the enterprise 
and reliable estimates of the cost of construction and of installa¬ 
tion of all the e(]uipment for carrying on the business. He has 
selected a location for the idanl, the market area in which he will 
extend his business, and is Jiow able to visualize the entire 
program to l)e undertaken. It may be that he has in his pos¬ 
session, or readily accessible, all the funds necessary to proceed , 
with the construction of the plant. On the other hand, he may 
have immediately available* only a comparative smiUl i)ortion of 
the amount necessary to put the plant on an operating basis, and 
it. will be necessary to determine some method for sec\iring the 
necessary funds. 

If he is in the condition of having at hand all the money that 
is necessary, he may proceed on a basis of individual ownership. 
In this status he would exi'rcise simjdy the right of the individual 
citizem of the country to carry tm business, which includes the 
right to make contracts of any and all kinds, own land and other 
forms of real property, and to proceed in the carrying out of any 
sort of business program permissible under the general law's of 
the country. Individually owned ’establishments arc generally 
small, hf)wever, and most p(‘rsons are inclined to jiesitate at the 
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prospect of having th'^ir entire personal property tied up in a 
single enterprise, or at least held ih a status such that it could be 
attached through legal process for any liabilities which might be 
incurred. In view of this situation, this class of company organi¬ 
zation will be dismissed from mind and "attention centered on the 
other forms. “ 

When one turns to a consideration of the different types of 
company organization, for the purpose of fixing upon the one 
which will effectively serve the purpose at hand, he must bear in 
mind the significance of the steps which are to be taken. It is 
through business organization that th<‘ forces of industry are 
made effective. It has been made apparent alreadythat the 
forces of industry arc many in number and varied in character. 
In order that everyone may be utilized to the fullest advantage, 
and the enterprise proceed on an efficient basis, care must be 
taken to select the form of organization which will permit these 
forces to function with the least friction. Into the (picstion 
come the various degrees of the personal financial resixmsibility 
of those who invest money in the enterprise, and the necessity 
of having sources of capital adequate to insure a margin to meet 
not 0013 ” the ordinar 3 ’^ demands but also the unusual vicissitudes 
which arise. Measures must be taken to inspire confidence in 
the undertaking in the minds of all persons who will be 
encountered in the ordinary routine of business. The success of 
an enterprise of this character—and this is essentially true of all 
industrial plants—depends upon confidence or credit. I'nd<*r 
the customs of modern business, credit is the ke 3 ’^ to su(;cess. 
Nothing should be spared that will tend in any way to increase 
the confiderce of the business public. Everything must be 
avoided which tends in any way to throw doubt or tjuestion on 
the motives of the organizer or the financial background of tin? 
new compan 3 ’^. 

At this stage in the process of compan 3 ’^ formation the greatest 
of care must be exercised in the forming of attachments. If 
several different individuals arc to share in the investment, 
these same individuals must share in the exercise of control. 
The investment of money in an enterprise means the assumption 
of a degree of responsibility for the conduct of affairs, the extent 
of this responsibility varying with the form of organization. With 
this responsibility there must go the corresponding measure of 
authority-. This is the foundation principle in all organizations, 
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whether reference is had to* organizations for the handling of 
external relationships or for internal executive control. Author¬ 
ity and responsibility must go hand in hand. At this juncture, 
therefore, care must be taken {o measure the extent to which 
different individuals are desired as participants in the control of 
the company. Invitations to.thesc individuals to make invest¬ 
ments must be made proportionately. Failure to observe the 
necessity for establishing correct balance at this point has been 
responsible for many misunderstandings, often leading to friction 
and ultimate reorganization. 

Banking intereftts may figure heavily in the making of decisions, 
A bank may have agre(‘d to make loans, or t o buy bonds, which 
in reality, constitute a loan, the doing of which would not nor¬ 
mally give the bank any voice in the control of the enterprise. As 
a means for securing this financial backing, however, the company 
may find it necessary to give the bank a vcjjce, or to take some 
individual named by the bank into its directing group. Posi¬ 
tions on boards of directors are thus frequently bestowed upon 
individuals who may have little personal financial interest, but 
who are there for the purpose of protecting the financial irtterests 
of hoav 3 ' inv(^stors. When industrial enterprises and the control ' 
of cr(*dit were so largely in the hands of the moneyed interests 
in New York, certain men held places as directors in many 
enterprises. With credit so largelj’ under the control of central 
institutions, it w^as necessary that this be the case in order that 
interests should be safeguarded. The result of this was the 
tendency toward large organization, in order to keep the number 
of boards of directors as small as possible. With the greater* 
freedom in the extension of credit which has come abt)ut since 
the passage of the Federal Reserve Bank Act, credit flows more 
freely and the formation of comparative small enterprises raaj’^ 
proceed with less difficulty. 

This leads to a consideration of the desirable magnitude of 
individual corporate interests. The aim is to secure an effective 
utilization of the forces of industry. The question arises, then, 
whether the large concern has manifest advantages over small 
ones. The record of notable industries has showm in past years 
a tendency to increase the holdings and the extent of influence of 
central boards of directors, especially during the latter portion 
of the period referred to above. The time has come, how'ever, 
when manufacturing industries have found that, beyond a 
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certain point, increase in size does not mean increase in effective¬ 
ness. The process of decentralization has actually l^egun in a 
few instances. After growth has proceeded to this critical point, 
advancement is made through the establishiiK'nt of branch plants, 
each under separate administrative ooiitrol. It be said 

that this does not apply directly to the ciuestion at issiu', since 
the corporation with its inan.v branches has its one central board 
of direction. As a tendency iJi industry, howev(;r, it does bear 
on the main question. New organizations should so direct 
th(‘ir initial proceedings that alliances will not be formed which 
might later become embarrassing should marked successes leatl to 
greatly increased size. 

The actual investments made by those who are r(‘ady to stake 
the enterj)rise must be sufficient to form tin* basis for future 
loans which will b<‘ necessary to complete th<‘ plant. This is 
really the first step m the building up of company credit. If the 
concern owns its land and a goodly j)ortion of the fixed property, 
in the form of buildings and major tyi)es of equipment, the 
investing public will be inclined, other things being favorable, to 
repo.se*trust in the enterprise. Whether it be a partnership or 
corporation, the amounts of the original subscriptions must, 
therefore, be carefully considesred in comparison with the total 
amounts that will bo required. These comnumts pertain in 
considerable measure to financial policy', which is to be developed 
in greater measure in a succeeding chapter, but the qu(\stion is an 
important one at this stage* when conditions influencing the form 
of organization are being carefully ceensidered, and the motives of 
those on whose acts the future*, credit and succ(^ss of the unde^r- 
taking vPdl d(‘pen<l are being revealed. 

At this stage in the development it is necessary to consider 
two other questions which will later become vital as policy 
measures. One of the.se has to do with t he attitude* of the general 
public toward the enterprise. The other one is the policy 
which the management is to adoj)t in its relations to employees. 
As an entcrpri.se, it is, in a measure, engaged in public .service. 
A succe.ssful company is an asset to its community. This prin¬ 
ciple is basic in the enactment of laws controlling the corporation, 
wherein it is distinctly recogniz(*d that t hen^ is a contractual basis 
to the agrec'inent between tlu; concern and the st.ate, and that 
in this contract the service refidered to the public is the considera¬ 
tion offered by the company in return for which the state allows 
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certain privileges. This must be kept in mind as a fundamental 
element in'eorporate business. * A.t one time the public was inclined 
to view all corporations in a more or less suspicious manner, 
this tendency growing out of abustis which grew up in the latter 
part of the* nineteenth c('ntury. This tendency has abated 
larg(‘ly, due, in the main, to*the gi(*atly incr(;ased number of 
people who have beeonu' stockholdc'rs in coriJorations. Widely 
distributed ownershii) of industrial enterprise is an effective 
means for acquainting p(‘oi)le with practices and motives in 
business. It has^much to do with the clearing up of prejudices. 
With this dev(‘lopm<‘nt in the understanding of corporations; 
with whroh has come a growth of the idea that a corporation is a 
form of enterprise in which the public is an interested party, 
it is natural that p(‘ople should come to look upon the j)artnership 
with some suspicion lu'caiusc of the exclusiveness of the control 
there exercised bj' a small number of hoa\*y investors. These 
suggestions do not indicate the existence of a strong impelling 
influence, but rather of a tendency in public scntiiiK'nt which 
should not be oveilooked by those who are deciding on the (pies- 
tion of th(‘ type of organization to be adoi)ted. 

In anticipating the polic}^ to be followed in establishing coopera- 
tivt' relationshij)s with employees, it should be borne in mind that 
the extension of ownership through the selling of company 
stock to the workers is an important consideration. If such 
])olicy is anticipated, then care should be taken to insure a tj’pe of 
organization, and the provision for stock classification in small 
denominations, that will make possible this plan of procedure. 
There may be other elements and other methods of dcj^ling with 
th<! question of indu.strial relations which need alsij to betaken 
into consideration. ICnough has been said to indicate the neces¬ 
sity of giving most cari'ful attention to the many agencies, 
jmblic and individual, which may at some tinu' in the future 
have an influence on the undertaking, either for or against the 
enterprise. As further guidance to the consideration of these 
(piestions, the following pages of this chapter deal in considerable 
detail with the more important characteristics of the partnership 
and the corporation. 

The practices of different states are given because the company 
organizer must take into accoiml the s(‘ction of the country 
in which he expects to do business. It may be the best jdan to 
incorporate in the state in which the principal*plant is to be 
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located. With the growth of the company, however, plants may 
be established in other states, so that the significance of the state 
of original location is diminished. Markets will extend usually 
over many states, so theref is no real occasion to consider the 
case from a marketing standpoint. The advantj.;ges and dis¬ 
advantages coming from incorporating in the different states are 
indicated clearly in the discussion. 

The following figures furnish an interesting commentary on 
current practice in the United States in respect to the ownership 
of industrial enterprises. As given by the I'. S. ('ensus reports, 
organized manufacturing companies are divided among the three 
forms as follows: 

Fohm of Ownership 1899 1991 1909 1919 

Individual ownership. 171,832 113.946 140,60.'» (.) 

Partnerships. 62,613 47,934 54,265 (.) 

Corporations... - .. 37,123 51,097 69,501 (...) 

The distinctive feature in this is the trend toward the corpora¬ 
tion form. Corresponding to this is the tendency toward large 
establishments, which is, in itself, a significant explanation of the 
, popularity of the corporation. In 1909 tlie corporat(‘-owned 
plants employed 75.(1 Vc of all wage earners cngagc'd in industry. 
As before noted, modern conditions make necessary large accumu¬ 
lations of capital for the successful prosecution of jiroducing 
businesses on an economical basis, and the corporation makiis this 
possible in ways that will be explained. 

PARTNERSHIPS 

I 

A partnership rests on a purely contract relation, expressed or 
implied, existing among the persons comprising it. It may be 
defined (Tucker) as “the relation existing between persons who 
have agreed to combine their property, labor, skill, or some or 
any of them, in lawful commerce or business, sharing the profits, 
and generally the losses, between them.” The statement is 
simple, but a knowledge of contract principles is necessary for its 
understanding. 

It is obvious that all contract essentials must be complied with. 
This means that only legally competent parties may enter into 
partnerships; that the busine.ss undertaken must be of a lawful 
natui'e; that each party must, contribute something of value as a 
legal consideration; and that the intent and purpose of the parties 
to enter such -a relationship shall be clearly shown, either by 
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written agreement or such 8f)ecific acts as would give complete 
evidence that each party dfd intend and purpose. It follows 
that on certain occasions the partnership contract must be 
construed according to usual prdccdure in the construing of civil 
contracts. 

When written, the instruq;ient is called the “partnership 
articles.” In framing it the following topics arc usually treated, 
but with the understanding that in the interpretation that would 
be rendered in case of disagreement among the partners there are 
many other points and various principles that would be given 
consideration un(k*r the common law. One such point is that if 
the business of the firm continues beyond the period of years 
mentioned in the articles, but without written agreement modify¬ 
ing the terms, the original terms will govern during the extended 
jieriod. These topi cs arc: 

The general nature of the business. ^ 

Date when effective' and the duration of the partnership. 

The firm name. 

The cajiital or other valuable consideration supplied by each 
partner. 

The rights and duties of each partner and the basis for division 
of iirofits. 

Provisions for periodic accounting of resources, profits, etc., 
and basis for final accounting on dissolution, or on retirement 
of any partner. 

Restraint upon partners from transacting business in (!ompeti- 
tion with the firm. 

Any special agreement whereby any partner’s liability is to ' 
be limited or lie is to hold any special connection. • 

Any other matter of significance peculiar to tTic business. 

It is not the purpose to discuss legal phases of partnerships. In 
what ftillows the aim is to present certain important facts that 
everyone should understand, w'ith the particular aim to bring 
the essential tliffcrences between the partnership and the corpora¬ 
tion into relief. Such undc'rstanding is necessary on the part of 
one who is deciding upon the form of company to be selected as 
most suitable for any contemplated enterprisi'.^ 

• The reader is referred to standard works for the fuller treatment of the 
subject, among which the following will be found useful: 

Tucker’s “Contracts in Engineering,’^ chap. VI (McGraw-Hill). 

Conynoton’b “Business Law,’’ (Ronald). 

Brisco’s “Economics of Business.’’ 
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There may be difTercnt. kinds of'partners, distinguished as to 
powers in the firm and'liability fo^;* fifm debts. Special partners, 
as the term is commonly used, have their liability for debts 
limited to specified amounts. % silent partner is on(^ who hiis 

t 

no voice in the management, although he may have all other 
rights and be subject t o all duties. ^ A secret partner'is one whose 
connection with the firm is not announced, but who may be 
declared liable for debts if cre'difors discover his relationship. 
The term “general partner” is soimdimes used to designate smdi 
as hold the standard normal relationship to the business, with full 
powers and liabilities. It is to this last type that, all statements 
that follow ai)ply. 

Each partner in the usual organization is a fully accredited 
agent having power to transact business in the name of the firm. 
Under the rules of agency he by his acts, binds the firm, provided 
he acts within the range of authority set by the nature of the 
business for which the company was organized. Since the rela¬ 
tion of agency is here an imjilied one, the customary rules for 
construing implied contracts as w('ll as the usual rules of ag(‘n(\y 
govern-. 

The holding of real property is (»n a joint basis, in which the 
partners must act together, all signing deeds at transfer. This 
principle sets a limit on the authority of a partner as agent, in 
that he cannot make a firm assignment, nor a mortgage, deed, or 
lease of realty. This const itutes an important distinction l)et ween 
the partnership and the corporation. 

Partners are, in general, jointly and severally liable for all debts 
of the firm. This is the most significant element in partnership, 
when tho» question at issue is the selection of the form of (;ompany 
organization’ best adaptcal to an enterprise. It constitut(^s a 
barrier to investment in many cases, since m(*n with large private 
means will hesitate before entering into a venture in which not 
alone their direct investment in the business, but their whole 
property as well, is subject to attachment. Here, again, the 
corporation ofTeus a marked contrast, in that the liability oi 
investors is limited to the amount of the stock purchases, or, at 
most, for certain sp(‘cial businesses, like banking, to doiible the 
par value of stock holdings. 

An important principle that governs in various dealings of a 
partnership with individuals-or other firms, in which arises the 
question of limitation of liability of any partner whether by 
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original provision of the partnership articles or by the retiring of a 
partner from the firm, is the giving of information in a public 
manner. The interests of parties dealing with a firm are pro¬ 
tected in every reasonable way. The firm must cause it to be 
known, so that the ordinarily prudent 'and cautious person may 
become informed, whenever any such special condition exists. 
Without such policy in the adjustment of disputes, persons 
dealing in good faith with a firm, with confidence in the financial 
strength of partners, or supposed partners, would be subjected 
to possible fraud and .sharp practices. The principle follows 
naturally from the, contract essential of mutual agreement. 
There can be no valid contract when any uncertainty exists as 
to the identity of parties subscribing thereto. The fixing of a 
partner’s liability is not for the purpose of affording special pro¬ 
tection to innocent outsiders, but simply an instance of adjusting 
matters on the basis of sound business practice in adjudging 
the validity of contracts. * 

CORPORATIONS 

We come now to the most commonly employed, and hence the 
most important,, t 3 "i)e of company organization. Certain limita¬ 
tions have been noted in the two forms already treated, these 
limitations having to do primarily with the possibilit ies for making 
capital available in (juantities sufficient to make effective opera¬ 
tion possible. Specialization and mass production have been 
cited as distinguishing marks of modern production methods. 
"J'hese may not be realized unless business is carried on on a large 
s(!alc. It is in the interest of the public generally tha]^ such 
activities should be fostered, and tin* corporation is til's outcome 
of legislation calculated to achieve that end. Without it the 
d(iV(dopnient of a count,ry would be retarded. 

Quoting from Tucker, “A corporation is a collection of individ¬ 
uals united by law under a special name, with the capacity 
of perpetual succession and of acting in many respects as an 
individual. It is n'gardiul as a distinct legal entity, existing only 
in contemplation of law, and by virtue of tht* operation of statu¬ 
tory law.” '^I’he id(‘a of its being a distinct legal entity is a 
fundamental one, establishing several vital points. Thus it is 
that a corporation has a residence in the state under whose laws 
it is chartered. 
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Elinds of Corporations. —Clar^sed as to object, corporations 

are known as eleemosynary, or devoted to charitable purposes; 

religious, which term forms-the definition; or civil', including all 

other types. Another distinction is carried in the terms public 

and private, the common fexample of the public being the municipal 

corporation. ' * 

< 

Distinguishing Characteristics. —A corporation is spoken of 
as a distinct legal entity, having an existence separate from that 
of its members. This characteristic is of great value in th(! 
transaction of business because of the element of permanence 
thus introduced. It is a thing of real value which is granted by 
the state in the act of incorporation. In accepting,it, incorpo¬ 
rators agree to perform some useful function in the promotion 
of industrial enterprises, or in some other desirable manner, 
and this mutual transaction or agreement constitutes a contract. 
Every purchaser of stock subscribes thereby to the agrc'ement 
made by the incorporators, while at the same time his act of 
purchase and the acceptance of the stock certificate complete 
the formation of a contract between him and the company. 
This contractual relation is well recognized in law, but the states 
have avoided what might be an embarrassing situation arising 
from the constitutional restriction that a law impairing existing 
contracts may not be passed (which would seem to make it 
impossible for a state to take steps to abolish or modifj’^ a corpo¬ 
ration once formed), by passing laws to the effect that no charter 
shall be granted which may not be thus altered or withdrawn. 
This formation of a contract, attested to by the charter, together 
with the corresponding agreement between company and 
stocklv>ldcr, constitutes the dominating characteristic of th(‘ 
corporatiob. The charter comes directly from the state, either 
by special legislative grant or, more commonly, by action of the 
Secretary of State, or Commissioner of (Corporations acting under 
the authority of legislative action. It must be applied for in 
writing and accepted by the incorporators. 

An attendant requirement is that the purposes for w'hich the 
company is formed must be fully stated. This is an element in 
contract writing, since the parties must have a definite under¬ 
standing of what is being contracted for. The charter serves 
both as the conveyance of right to exercise corporate powers and 
as the memorandum of the agreement. In the former capacity 
it must state the fact of the grant of power and indicate the 



ORGANIZING THE COMPANY 


175 


usual extent and limitations of {hose powers^ This may be left 
largely to interpretation under the common law, usually under¬ 
stood to mean that a corporation h^s the right: 

1. To the us^ of a corporate name, 

2. To perpetual successiem. » 

3. To acquire, hold, possess, and dispose of property in its own 
name. 

4. To appoint officers and agents, and to fix its own rules for 
transaction of its legal business, guidance of officers, etc. 

5. To sue in court* and be sued. 

In the capacity of the. charter as a memorandum of agreement 
it must state the name of the corporation, its object, its principal 
j)lace of business, usually the amount of its capital stock, number 
of shares, amount of money paid in at time of incorpora¬ 
tion, and sometimes, under state laws, the hames of original 
stockholders. 

Formation.- In the process of formation of a corporation, the 
promoters must e.xeciite a paper giving all the information, 
including a full statement of purposes, and deposit it with the 
proper state officer. In bona fiile business enterprises there is 
some one specific purpose in view, usually one in which some one 
active man has a special interest. ^lost charters are worded to 
give to the company a wide range* of business, although this is 
carried sometimes to an extreme which is highly undesirable. If 
one watches the public notices of new corj)orations formed he 
will sec statements of purposes which empower the company 
to engage in every form of manufacturing, mining, bu^diilfe, and 
transportation, with a multitude of intermediate lines of activity. 
Such variety is undesirable, and it is unnecessary on the score of 
making expansion possible, since the courts construe liberally 
in the way of allowing the carrying on of all necessaiy lines of 
work tributary to the main purpose. This matter of the implied 
powers, on the* basis of necessity, custom, and usage, is one which 
receives much attention, and definite rules to cover practically 
every possible point are in (*xistence. In the matter of promotion 
expenses, promoters often an* h(*l(l personally n*sponsible by law. 
Many companies never progress far beyond the grant of a charter, 
so that unacrui)ulous p(*rsons might* run up accounts and then 
hide behind a lifeless corporation, wen* it not for such provision. 
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There arc many, provisions embodied in the several state 
laws in their corporation acts that should be understood by all 
who are concerned with tl;c organization of new companies. 
There is a certain advantage in being incorporated under tin? 
laws of the state in which the business is to be carried on, or in 
which the principal office is to be located, but sometimes it is of 
advantage to go to some other state. The differences lie mainly 
in provisions as to the holding of meetings of stockholders and 
directors within the stale, and in the incorporating fees and 
annual taxes. Another provision, sometimes mandatory but 
more frequ(;ntly permissive only, is that for cumulative 
voting at stockholders’ meetings. This is a matter calling for 
explanation. 

Cumulative Voting.- It is usual i)ractice for stockholders to 
have voting power in proportion to the amounts of stock held by 
the individuals--a vote for each share. In the, election of 
directors, where several are to be selected, tlu* holders of a 
majority of the stock woukl be able, under the direct voting 
system, to elect the full board, thus leaving the. minority of 
stockholders unrepresented. Ilow the cumulative system of 
voting operat(*s is best shown by nuineiical example*, as 
follows: 

Suppose there arc 1,000 shares of stock, 550 being held by one 
group and 450 by the other; also that five directors are to b(* 
chosen. Each share of stock has five* votes—one for each direc¬ 
tor. The cumulative plan provides that a shareholdeir may cast 
one vot(i for each director or all five for any one, or divided in 
any way he chooses between two or more directors. The major¬ 
ity therefore has a total of 2,750 votes and the minority 2,250. 
If the majority concentrates on three candidates, giving each 
910 votes, they will be elected, while the minority can give 1,125 
votes to each of two others, electing them. If the majority tries 
to elect four, giving them each 087 vot(*s, the minority, by con¬ 
centrating, can elect three by giving them each 750 votes. An 
organized minority can therefore place on the board a fair repre¬ 
sentation, even a majority if the majority of stockholders are 
unorganized or unscrupulous in their attempts to dominate. 
By assuming different figures to represent the division of 
shares of stock, the reader can calculate the possibilities for tin* 
minority to secure representation on the. board for varying 
conditions. 
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STATE REGULATIONS 

C'crtain of the states have enacted corporation laws that repre¬ 
sent an enlightened and progressi\«e business attitude. Others 
have laws that are lax, calculated to attract organizers who are 
looking for an 5iasy way to launch their enterprise and to avoid 
restrictions by which the more Conservative states protect the 
interests of investors. States with the free and easy laws 
are referred to as “bargain counter” states. Between the two 
extremes, arc states that differ materially as to fees, however, so 
that a new concern may properly enough look about for the most 
favorable charter. The following statement of provisions of the 
laws of several states shows the advantages and disadvantages, 
for which statement the author is indebted to Modern Business 
Scries” of the Alexander Hamilton Institute, Volume VIII. 

The chief respect in which state laws differ, so Jar as liberality is 
concerned, is in granting or denying the right to buy and sell the securi¬ 
ties of other corporations. In 1SS9 New Jersey, first of all the states, 
enacted that cori)orations formed under its laws might hold the stock 
of other corporations. 'J'his privilege proved of great importance in 
the financial and industrial d(*vclopnu'nt of this country. The New 
Jersey act in this respect was followed by Delaware, Maine, and New 
York. In 191 If, however, through the so-called “Seven Sisters Law,” 
New Jersey attempted to define and make illegal and criminal all 
monopoli(5s and agreements to discriminate, prevent competition, limit 
production, and fix prices. The great industrial trusts, which formerly 
patronized this state when incorporating new companies, are now 
obliged to look elsewhere. 

Another feature in which the various states differ widely with regard 
to liberality is the issuance of stock for property. Most corporations 
as now organized turn over at least part of their stock in exchange for 
property, not cash. Some of the states make Ihe estimate placed by the 
directors upon the value of the property so secured conclusive unless 
fraud is clearly shown. Other states hedge this general principle about 
with irritating and usually unnecessary restrictions. Liberality of the 
state laws as to other less important points will be considered by careful 
inc«)rporation, but they are too technical to bo discussed here. 

In those states in which the general corporation statutes have existed 
for some years practically unchanged, it is reasonable to expect that 
they are in fairly permanent form. Moreover, in such states the courts 
have given a large number of decisions on vital points. Both the 
statutory law and the interpretation of that law, therefore, may be 
considered well settled. This is a matter of prime importance to large 



]78 MANAGEMENT ENGINEERING 

f 

corporations, which may expect, from the very extent of their business, 
to be involved in more or less litigation. They want to know where they 
stand at all times and do not care to be confronted with sudden legisla¬ 
tive enactments or with unexjfected court decisions. For this reason 
the large corporations whicfi had incorporated in New Jersey were especi¬ 
ally hard hit when the “Seven Sisters Amendments” were suddenly 
enacted. 

The liabilities imposed upon stockholders have already been treated. 
The states of California, New York, and Minnesota impose certain 
liabilities additional to the usual liability on capital stock. These, 
liabilities are not apt to prove a serious matter. Yet corporations gener¬ 
ally look with some alarm at any provisions of this nature. 

For the benefit of readers who may desire to form a corporation or 
who may have occasion to consider the advisability of buying stock of a 
company incorporated in some other state than the one in which it 
docs business, w(' give below a bric'f summary of the advantages and 
disadvantages of .several states; 

f 

Arizona 

Advantages: 

1. Stock may be issued for money, property, or services. The fact 
that it can be issued for services may be an important advantage. 

2. Directors’ meetings may be held outside of the state. 

3. The organization fee is very small. The annual franchise tax 
is small. 

4. Cumulative voting is permitted. 

Disadv’antages: 

1. Stockholders’ meetings mu.st be held within the state, unless at 
the first meeting a by-law provision permitting subs('(pient meetings 
outside the state is adopted. 

2. 7''he corporation laws are not thoroughly adjudicated. 


Connecticut 

Many promoters do not care to incorporate in Connecticut, as they 
imagine that the advantages are not great. As a matter of fact, the 
high organization fee is the chief disadvantage. 

Advantages: 

1. Stock may be paid for either in cash or property. The judgment 
of directors is final with regard to the value of the property for 
which stock is issued, except in case of fraud. 

2. Incorporators may be non-resident. 

3. There is no annual franchise tax. 

4. Corporations may hold stock in other corporations. 
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Disadvantages: 

1. Stockholders’ meetings must be*held within the state. There is 
no provision requiring the meetir^gs of the directors to be held 
within the state, but this may be inferred. 

2. There is an uihcritance tax on the stock. 

3. The organization fees are comparatively high, from $25 to $2,510. 

Delaware 

Advantage's; 

1. Stockholders’ and directors’ meetings may be held outside of the 
state, if the by-laws sU provide. 

2. Stock may be issu^d for cash, property, or services. 

3. Incorporators may be non-resident. 

4. C’orporations may liold stock in other corporations. 

5. Provision may be tnade whereby bondholders will be permitteid 
to vote. This provision makes a good market for bonds, because 
bondholders will be a.ssured that they will have a voice in the 
management of the corporation. 

G. Organization fees are not very large, ranging from $20 to $765, 
including filing fe(‘s. 

Disadvantages: 

1. One of the directors must live in Delaware. 

2. There is an inheritance tax on stock, appljdng both to residents 
and to non-residents. 

3. There is an annual franchise tax. 

Maine 

.\dvantages: 

1. Stock maj’ be issued for property, cash, or services. The judgment 
of the directors is conclusive as to value of the property, always 
provided there is no evidence of fraud. 

2. Incorporators and directors may be non-resident. 

3. Directors’ meetirjgs may be held outsidt* of the state. 

4. The corporation UJay acquire stock in other corijorations. 

5. Low organization fees, ranging from $10 to $517 for a $5,000,000 
corporation. 

Disadvantage's: 

1. Stockholders’ meetings must be held within the state. 

2. There is both an inheritance and an annual franchise tax; the latter, 
however, is very small 

Massachusetts 

Advantages; 

1. Incorporators and directors may be ijon-resident. 

2. Directors’ meetings may be held outside of the state. 

3. Stock may be issued for cash, property, or services. 
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Disadvantages: 

1. Stockholders’ meetings must'be held within the strte. 

2. It is doubtful whether ordi^iarj' corporations can hold stock in other 
corporations. 

3. A detailed annual rejKirt must be nuidered to the state authorities. 

4. There is an inheritance tax., 

5. The organization fee varies from S2.'j for a $10,000 corporation 
to $1,200 for a $5,000,000 corporatitm. 


New Jersey 


Advantages; 

1. Corporations may hold stock in other non-competi,tive corpora¬ 
tions. New Jersey was the first state <o authorize the formation 
of, holding coin[)anies. 

2. Incorporators may be r.on-n'sident. 

3. Stock may be issued for jn-ojau-ty or casli. Judgment of th(' dirc'c- 
tors is conclusive as to ^•alue of i)ro})erty. 'J’he courts, however, 
h.ave shown a .strong tendi'ncy to aeeejd circumstantial evidenct* 
of fraud. 

4. Directors’ meetings may !»<■ held out.sid(! of the state, if by-laws so 
provide. 

5. Cumulative voting is permitt(“d. 

6. A voting trust, under certain restrictions, may lx* cn‘at(‘d. 

7. liaws are all well adjudicated. 

Disadvantages: 

1. Stockhold(Ts’ meetings must be held within the state. 

2. One of the directors must liv(; in the state. 

3. There is an annual franchi.se tax; also an inheritance tax, but this 
docs not apply to non-residemts. Fees are from $25 to $1,000; 
filing fee, $10. 


New York 

Advantages: 

1. Stock may be issued for cash, property, or labor. Labor must be 
distinguished from “services,” though there is no decision explain¬ 
ing the exact difi'erence. The ajudgment of the directors is conclu¬ 
sive as to value of property, provided there is no evidence of fraud. 

2. Directors’ meetings may be held outside of the state. 

3. Corporations may hold and control the stock of other corporations. 

4. Cumulative voting is permitted. 

5. A voting tru.st may be created, limited, however, to 5 years. 

Disadvantages: , 

1. Stockholders’ meetings must be held within the state. 

2. One incorporator and one director must reside within the state. 
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3. One-half of the capital stock must be paid in -within a year from 

incorporation. * , 

4. Dctailed'books and accounts of the business arc requinid. 

* 

'J'he first and most obvious factor to (ionsider in selecting the st-ate of 
incorporation is» the cost. This cost consists of organization fees, 
annual taxes and counsel fees. The following tables, copied from a 
convenient manual by Thomas ('on.vngton, of the New York Bar, 
entitled “(’orporate Organization,” will give the reader an idea of 
how these expenses run in th(' five stab’s which are most commonly 
used for ineorjutration by .companies that expect to do business in other 
states; . 

('oMI'AUATIM!] TaIIIJ-; OK ()jn;AMZATK)j\ BxPKN.SES 

(Inclnditig all filing and incidental fees) 


r-apilal stock 

New i 

New 



South 

e,oinp!iiiy 

Jersey 

Vnrk 

Dclnware 

Maine 

• 

! Dakota 

1 

$ ],00() 

$ 35 00 1 

S 10 00 

$ 25 00 * 27 00 

i 

! $ 13.00 

5.000 

35 00 

17 50 

25 00 

27.00 

1 13.00 

10.000 

35 00 

20.00 

25 00 , 

27.00 

1 13 00 

25.000 

35 00 ■ 

27.50 

25 00 . 

07.00 

1 13.00 

50,000 

35 00 

40 00 

25 00 , 

07 (K) 

i IS.00 

100,000 

35 00 ■ 

05 00 

25 00 

07.00 

18 00 

500,000 

110 00 

205 00 

05 (K) 

07.00 

1 23 (K) 

l.OOO.tKM) 

210 00 

515 00 

115 00 

117.00 

33.00 

5,000,000 

1,010 00 

2,515 00 

305 00 

517. (K) 

113.00 

10,000,OtK) 

2,010 00 . 

5,015 00 

015 00 

1,017.00 

133.00 

(’OMI 

'AHATI\K TaBT.K Ol'' AnNUAI. FuANCHISE TaXES 

- % 

S 1,000 

$ 1 00 

.1? 1 50 

$ 5 00 

$ 5 (K) 

• 

None 

5,000 

5 (K) 

7 50 

5 00 

5 00 

None 

10,000 

10 00 , 

15 00 

5 00 . 

5 00 

None 

25,000 

25.00 ; 

37 50 

5.00 

5 00 

None 

50,000 

50 (H) ' 

75 00 

10.00 1 

5.00 

None 

lOO.O(K) 

100 . Ot) j 

150 00 

10 00 1 

10.00 

; None 

500,000 

5(K) 00; 

760.00 

25 00 

50.00 

; None 

1,(H)0.000 

1,000.00 

1,500.00| 

50.00 

75.00 

i None 

5,000,000 

4,(K)0.00 

7,500.001 

150 00 

275.00 

1 None 

10,000,000 

•1,250 00 

15,000.00.' 

275 00 

525.00 

1 None 


In those states where taxes and initial’ fees are small, the necessary 
expense for legal assistance is ajit to be at a minimum, for two reasons; 
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first, lu'causo the state legislatures obviously an; making a bid for the 
eheap incorporation business and will naturally make their forms and 
the necessary red tape of incorjmration as simple as possible; second, 
because in such states incorpoi^iition agencies, which carry on their 
business on a whoh'sale scale, are in existence, and high-priced legal 
talent is hardly necc'ssary. In other stat.es comix'tent attorneys should 
always be secured, and their fees may be exjx'cted to range from $50 
up. In this connection it may be w(‘ll to nunark also that the necessary 
corporate records, which are the secretary’s minute book, the stock 
certificate book, and the stockhohh'rs’ register, maj’^ be obtained for 
from $10 to $5(M) j)er set. ()ne of the cla'aper sets is all that is necessary 
for most small conij)ani(‘s. T1 h‘ n'ader now has sufficient data Ix'i'ore 
him to form a rough estimate of the expense nec(‘ssarily involved in the 
])rocess of incorporation. 

In clioosing the state for incorporation, tlic advantages of hav¬ 
ing a charter from the stal(* in whicli the princii>al business is to 
he eondiietod will often outweigh any disadvantages of high cost 
in fees aiul franehi.sc* taxes. In some instances, poi)ular disfavor 
may be arous(‘d by going to anothei’ state, especially if that st.at(‘ 
has a doubtful reputation in corporate matters. Ilowevcw, when 
business is to be W’idely scattered, so that license fees for the right 
to do business in S(‘v(*ral states are bound to b(‘ considerable, it 
is likely to be the part of wisdom and entirely honorabh* to incor¬ 
porate under the law that may be found to hold out favorabh* 
terms. 


CORPORATE POWERS 

I’ndcr statutory provision, as has been .stated, the eorj)oration 
has tha right and power to the use of a name and seal, to j>erpetual 
succession, to hold property, to fix its by-laws and rules of pro¬ 
cedure, to name its offiecus, to sue in court, to make contracts, 
to issue negotiable paper, and to j)erform the usual acts of a 
natural person in th(^ prosecution of its business, subject to inter¬ 
pretation as to w’hat constitutes that business and the transactions 
tributary thereto. Jt is evident that much of the ordinarj' busi¬ 
ness transacted (tomes under the implied powers incidental to 
the primary enactments. Dealing wu'th property of all kinds, 
borrowing money, issuing bonds are instance's of such implied 
powers. So accustomed have people become to dealing with 
corporations that little thought is given to the question, it being 
taken for granted that they car. do all that an individual can do. 
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It may be that too little thought is given, since there are certain 
restrictions send limitations that Reserve consideration. 

These limitations iall under three* main heads: accommodation 
jjaper may not be issueel; the corporation may not enter into a 
partnershij); aifd, in general, it may not hold the stock of other 
corporatieins. The* last provisioiT is ne>t universal, and the only 
safe course whenever the epiestion arises is to seeairc the oy^inion 
e>f atteirneys versed in corporat ion laws in general and those of the 
state issuing the charter in particular. A type of corporation 
that, is bee;oming inejre'asingly common is the holding eairpora- 
tion,” chartered for the express yiiiryiose eif heileling steick eif other 
companies. All three limitations arise from the contract relation 
with the state. A term in every contract of this kind is that 
stipulating the character of business to be entered upon. To dti 
any of the three* things mentioned is, yiresumably, to engage in 
the affairs of other jiartie's. • 

The question naturally arises as to what happe'iis if a corpora¬ 
tion enters ujion any ceintract involving such matter as may be 
outside the limits of its powers, the other party to the contraed 
having acted in good fait h and possibly having actually performed 
its part and so suffered detriment. Trider the strict rules of con¬ 
tract law, a party <*an contract to p<*rform only sucii acts as arc 
legal. If the act in question is outside the powers of the corpora¬ 
tion, then it is not h'gal, and the natural presumption is that there 
is no contract. It is a situation known in legal parlance as 
ultra vires. Adjustment of such cases is often a complicated and 
difficult, matter. It is impossible to draw a hard-and-fast line 
b(*f,ween acts p(‘rrnitted under the imyilied powers aiid^^ those 
distinctly outside. Court decisions have established, with 
reasonable definiteness, two rules apidying here: (1) that a 
j)art.y that has received a l>enefit from the supposed contract may 
not set up as a defense the contention of ultra vires, and so avoid 
compliance on his part; and (2) that when both parties have fully 
complied with the* terms ot the agreement neither can plead 
invalidity of contract as a cause of action against the other. If 
no damage to the parties has resulted, so that it is a case of 
abuse of power only, then it is the state that must act if action is 
to be taken. 

The preceding statements have b^en Jiiade with the private 
corporation only in mind. lOngineers have many dealings with 
I)ublic corporations, however, csi)ec.ially with nuinicipalitics. 
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For such, the discussion can he only in words of advice. The 
man who deals with the public corporation without taking the 
precaution of inquiring into ttlic legality of the enterprise and 
authority under which officials arc presuming to act docs so at his 
own risk and with his financial life in his hands. ’ The only safe 
course is to consult a competeni/ lawyer. 

OFFICERS 

The affairs of a corporation arc administered by a board of 
directors elected by the stockholders at their regular annual 
meetings. It is usual procedure for the selection of officers 
to be left to the directors, but. stockholders ma3’ exerci.se this pre¬ 
rogative if the3' sec fit to do so. Various mat t.ers of business may 
come up at the meeting th(‘ owners, but action taken is gener¬ 
ally in th(‘ nature of establishing policies for th(‘ directors to carry 
through. The most iiniiortant meetings are those held early in 
the history of the company, wluui the by-laws are being framed 
and put into effect. Care must needs be exercisetl at this stage 
in the operations. 

The usual officers are t he president, one or more vice-presidents, 
secrctarj'^, and treasurcT. It is generallj’^ agreed that the presi¬ 
dent shall be one of the directors, but the others need not be. 
The vice-jnesidents are commonly men engaged in the, active 
management of the several branches of the business. 

The powers of officers are such as to make them agents of the 
corporation, and are specificallj’^ defined, subject to interpretation 
under the rules of agenc\\ In this respect there is a clear dis- 
tincti(fcTi from the general agency relation which holds in partner¬ 
ships. Ohly the designat.ed officials have this power, and that 
according to provisions of the by-laws. It. is the presumption 
that the president, as head of the companj", acts alwaj’^s as its 
legal representative, by his acts binding the body. This is, of 
course, limited to those acts coming within the power of the cor¬ 
poration to do business, according to its charter. 

Officers arc liable for damages resulting from their negligence; 
or wrong doing in office, to stockholders. Directors share in 
this responsibility within the range of action. 

CAPITAL STOCK 

Mention has been made of stock and the tacit agreement of 
stockholders.to unite in carrying out the provisions of the con- 
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tract between the company aijd'the state. that the charter 

must state the total amount of* the capital and the number of 
shares into which that capital is divided. 

For the time it will be assumed that the amount of capital 
appropriate t<» the business on hand has been decided upon. 
It is customary to make the utiit of stock, or the share, $100, 
unless the project is a small one, or unless it is the purpose to 
advertise* the stock for sale among the population at large and to 
make it attractive to small invesl-ors. In this statement it is 
the industrial entcri)rfsc that is in mind. Eleemosynary and 
j-eligious corporations may more frcejuently employ the share of 
small dene.mination. 

Stock is of two kinds, common and preferred. That which has 
been referred to, to which the original stockholders subscribe, 
is common, and it carries with it the right to share* in all the profit s 
and the surplus of the company, and to otlie*!' assets in case of 
elisseJution. It entitles the holder to a voice in the control of 
the business, which the preferred may not do. Profits, known as 
“dividends,” are* divide*el pro rata to the holders e)f common stock 
afte*r all curre*nt e>bligatie)ns have been met and the stipulated 
elividend jiaiel e)n the jneferreel stock. The re*pre*he*nsiblc practice 
e)f paying elivielends e)ut of capital, ea* fre)m the surplus necessary 
for the safe cemeluct of business, is e)ften resorted to in the 
endeave)r te) attract investors, but to condemn it se'ems hardly 
necessaiy. 

Pre'ferred stock is frequently issue*d, usually fe)r the purpose* of 
bringing in more* working capital without increasing the number 
of [)e*rse)ns in active* e'harge of the affairs of the company. When 
pre)fits are large*, this le*ave*s a larger margin for the^ hoJclers of 
common .stock, while at the* same* time* it is a more attractive* 
investment, le) the* cewiservative persem who preft*rs to hold pre- 
fe*rre*d ste)ck with its jnior right to profits, even if the return is 
not so great. Dividends, while limited to some stated p(*rcent- 
age* as a maximum, are* not guaranteed as is the interest on bonds, 
so that all re'gular e*xpenses must be i>aid before any returns go 
te) this ste)ck. The full maximum dividend rate ineiicated at 
t he time of issue must be ])aid befeire* the common stock can receive 
ee)nsiele;ration. 

Unde'r ane)ther classification, stt)ck may be* full-paid or it 
may be* issued for payme*iits in some’ amount below its par value. 
In the) first case neither the company nor the creditors may assess 
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the holder for any Airthor ainouii,t, which means that a stock¬ 
holder is liable only to the pai* value of his stock 'for company 
debts, except in a few special qases. The company may sell stock 
below par and apree that it shall be non-assessable as far as the 
right of the company to call for further payment, is concerned, 
but, creditors may demand full payment, in ease* of insolvency. 
When stock is issued in consideration for the rights of some person 
in a patent, or other means by which he Irings to the company 
real valut*, the books of the company should show the transaction 
on a definite financial basis, so that this stock may appear as 
fully paid. Stock which is given for promotion rewards, or 
as bonus, has a somewhat pi-ecaiious standing in th(‘ courts as 
rc'gards the right of creditors to colh^ct to its face value. 
“ Wat,ered stock” may be <lefined as stock which is issued at any 
time, for which no real value is paid in to add to the plant, of the 
company. It is iosued as “full-paid,” which it is not, the differ- 
en(!e between it and what of value it does r(*])resent, if any, being 
“water.” The capital stock of a company cannot be increased 
without securing from the state official in charge of corporations, 
a new charter or the necessary change in the stated amount. 

The pieceding remajks as to wate7(al stock are not, to b(‘ int(‘r- 
preted to mean that stock may never in equity bo issued to r(‘pic- 
sent property vahu's other than those actually paid in jis newly 
invested funds, t^tock, eith(*r common or prehared, is frequently 
issued in lieu of dividends, for the purpose of l>uilding up the cai)i- 
tal for extensions of business. Debate as to jnojniety of stock 
issues to c<>V(‘r tlu' reinvested surf)lus, when this surplus 
is what remains aft(*r a reastmabk' divid(*nd has b(^en declared 
and paid qn all stock originally outstanding, occurs at times in 
the case of public service corporations. It would seem unjust 
in such cases to allow stock issu(*s nqu esenting proj)erty that has 
been acquired through money collected in rates from the public, 
especially if futun* rates were to b(‘ adjusted on the basis of their 
being made suffickuit to jModuce income that will be sufficient 
to pay dividends on the additional stock. It looks like a case 
of the public pajdng rate's that we're' unne'cessarily high in the 
first pe'riod, from whiedi the inve*stcel surplus was derived, anel 
then being asked to pay highe'r rate-s to furnish a profit on what 
they ha el contributed to the' company. This is a vital matter 
in some instances of rate adjustment, as when value e)f the^ 
property is being fixed entirely by a study of book values anel com- 
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pany history. It is a matter however, no^ approf)riate for dis¬ 
cussion at this point, but which*will be dealt with in the section 
on valuation of properties. It, seems clear that companies 
engaged in private industrial business may issue such stock 
without questh>n, it b(;ing a matter of policy, pure and simple. 
The reason for thus adding to the outstanding stock, uf) to the 
actual value of the property, becomes real when extensions of 
business are being made. If capital stock is to be incrcas(‘d by 
placing n(‘W shares on the market., it is only fair that stock¬ 
holders, under whose • administration of affairs a surplus has 
accumulated, should rec<dve full holdings, so that th(ur control 
shall be proportional to what they bring to the* new company 
as corni)ared to the sums contributed by the new stockholders. 

Dividends are declared by the directors as condit ions in respect 
to earnings make? them possible and desirable. When declared 
they stand as debts of the corporation to thc,stockholdcrs, who 
may sue for their proportionate amounts. Accumulated surplus 
not apportioned as dividends at time of insolvency goes to the 
corporate cnMlitors and not to stockholders, should it all be 
required for that purpose. Wh(*re more than one class of stock 
exists, the dividends may ])e declan'd for each class separately. 
.411 dividends must come from surplus or net earnings, however. 
I'his means that the dividend on preferred stock, commonly 
fixed in amount under the by-laws, cannot be paid unless the 
net earnings are suflicicnt to meet it. In other words, such 
dividend cannot b(* treated as interest on bonds, which is an 
expense of operation. Jdividends may bo declared to be paid 
either in cash or in additional stock. 

Kcfcrence has been made to special liabilities of stockifolders, 
the states of (California, New York, and ^Minnesota being men¬ 
tioned. In general, it should be said that the holding of a share 
of stock signifies only that the holder is entitled to that propor¬ 
tionate part of till* assets of a companj'^, or of the profits arising 
from business. Liability of the individual rests upon special 
stat.ute rather than upon common law principles. One shouhl, 
therefore, be informed, or take stejis to secure information, 
regarding the stat ut es. .4 well-known jirovisioii is that holders 
of stock in national banks are subject to double liability, based on 
the par value of shares. In New York, in addition to general 
liability to the full par value, shareh6ld(*rs are liable to employees 
for wages due. In Minnesota, all except manufacturing corpora- 
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tions are held to doi|blc liability,' as with national banks, in the 
interest of all corporate* creditors. In California, estockholders 
arc held to unlimited liability,for all unpaid obligations incurred 
while they W'ere stockholders of record. 

* 
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CHAPTER VIII 


FINANCING THE COMPANY 

The first consideration under this heading is the amount of 
investment that is necessary. At this point, however, one is 
brought face to fa<!e with the fundamental concept of industry in 
its financial phases, and must pause to clear the ground before 
taking up tlie consideration of the specific question of amount,. 

It is the object of organization of industry, in its broader 
phases, t,o adapt the specific enterprise to the financial system 
which governs business at the present tinje. The details of 
operations that are to be carried on, and which are bound to be 
influenced by the freedom of action possessed by the company as 
a result of its su(!cessful financing, must be in harmony with th(‘ 
economic facts. The company is a unit which must maintain 
proper n'lations with capital, income, operating expense, surplus, 
and profit. Haphazard financing at the outset does not repre¬ 
sent the l)est. thought in modern industry. More and more it is 
being recognized tliat careful planning is necessary at this point 
in the building of the enterprise. In his famous work on the 
“Wealth of Nations,” Adam Smith laid down the principle that 
“consumption is the end and aim of production; and the interest 
of the producc'r ought to be attended to only so far as may be 
necessary to promote the interest of the consume^.” *In any 
interi)retation of this statement, it must not be separated from 
the context. The autluu- had been discussing the restrictive 
measures in vogue in England at that time, which represented 
an attempt to compel people to purchase articles produced at 
home. "J^he restrictions applied even to individual cities in their 
relations with other cities in the same country. In much of his 
wTiting this exponent of economic theory hold to the belief 
that, if let alone, men engaged in industry would finally adjust 
themselves to ccwiditions on a basis which would make for sound 
practice. 

The princi])le enunciated is a vital*one. Someone has said more 
recently that “industry exists to adapt natural products to 

1S9 



190 


MAISIAGEMENT ENGINEERING 


human use.” The tjioiight is tlie^ same as that expressed by 
Smith, and in a process of gradual evolution people arc now just 
coming t o a realization of its, true significance. The need of 
human beings is the foundation motive for industry, just as 
personal needs led to the firsts steps in bartrT -qnd in tradt*. 
During the development of indur^try to its pnistmt complicated 
form, there have been two j)arties. capital and labor, claiming the 
right to consideration and to the financial returns. Idle time 
is approaching when the i)ul)lic, as an int(‘rested third party, will 
be recognized as one whose rights art^ to be respected. 

The first interest of the consumer is that jirodiiction may be 
made possible. In th{‘ language of modern conditions this means 
that materials must be produc(‘d, the goods manufac.tur(‘d, and 
the same goods delivcr(‘d to convenient centers of distribution. 
The consumer cannot expect f)roduction to continue under oth(‘r 
than profitable covditions, and hence it is for his good that 
industrial enterprises should remain on a permanently sound 
basis. This is so evidiait that it hardly needs mention, except to 
emphasize the point that industry cannot be on a sound basis, 
and therefore cannot serve the consuming public, unless it yields 
an incentive that will encourage jiroductive enterprises. This 
incentive can be expressed only in terms of profit, or satisfactory 
returns on invest( h 1 cajiital, as well as satisfactory return for labor 
in the form of wages. 

Furthermore, in ord(‘r that industry may lx* on ji sound basis, 
it must be permanent. These two conditions an* nearly synony¬ 
mous, hut the distinction is made in order t,o emphasize the fact 
that permanency in industry means mon* than the capacity of 
earning^enoj|igh to pay current profits. The industry must be 
self-perpetuating. Perhaps there is no other element in financial 
dealing with industrial enterprise that is so difficult for pc'ople 
generally to appreciate. I’rofits may be distributed as dividends 
on capital, when sound accounting methods are employed, only 
after all the contingencies of the enterprise have been provided for. 
This means that the physical yiroperty must Ix^ safeguarded to 
provide the means for replacement as equiiirncnt wears out. 
It means that a surplus must lx‘ established to provide for the 
rainy day, represented liy a year ol business depression or mis¬ 
fortune. Out of income from goods sold must come the funds to 
provide for these contingencies. 'Jdiey must be allowed for on a 
definite plan, not by guesswork. When not thus provided for, 
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and the day of reckoning copies when someone must provide the 
funds that arc necessary to •maintain production, it is the 
consumer who pays the hill. Tlw^ bill which he pays is not alone 
the amount necessary to renew the property, but on all future 
purchases h(* must pay the necessary return on an increased 
investment. The last statement may be challenged by some, 
on the S(;ore that the consumer has contributed th(‘ adflitional 
investment, and need not pay a return on what he has himself 
supplied, but the critic is reminded that this added investment 
was made necessary because the returns from industry were not 
suffici(uit. during tfie earlier period to provide the reserves. 

Inaecmiate work and carelessness in the <i(‘termination of the 
amount of initial investiiKuit an* thus bound to r(*sult to the 
disadvantage to tlu' eonsunuM'. Th(‘ funilamental idea is that 
production is a natural function controlled by definite law. 
C’apit al has a (l(‘finite pai’t to play to provide the means whereby 
the necessary opeiating facility's may bo instalU'd, th(' physical 
plant (‘stablish(‘d, and the I'literprise supported during th(i 
initial period w’hen an income is being built up. It is not until 
the business has reacht'd a level where income has assumed 
normal profiorthms, that the business is n'ally self-supporting. 
Tp to that time' it is capital, initially invested, which supports 
the cnterpri.se. I'he total amount of capital ix'cessary must be 
fixed with a full and ailequate consick'ration of all these con- 
tingencit's. Tlu' t.cmlcncy is to underestimate'. Tlu' inexperi- 
enc(*d promot('r se'es the necessity of creating the physical plant, 
but is ])ron(' to overlook the [X'riod of struggle during which the 
business is being built up to the point where it is self-supporting. 
As before' state'd, the re'sult is to the disaelvantage,e)f produce'!- 
and consume'!' alike, causi!ig an unnecessary increase in the 
e'ost of ge)ods. 'Fhe same is true' if the comi!a!iy is over-capital- 
izexl. Mither way, the consumer i)ays the j)rie'e, and w'hile 
it !nay see'!!i to !nake small ditTe'rene'c to hi!U whether the high 
prices are' elue te) e)ve'rcapitalizatiejn eu' undeu'capitalizatiem, in the 
large'r ce)ncept e)f business in the !iatie)n as a whole, it is e>f great 
impen-tance to him that industry as a whole' be e'apitalizeel aele- 
epiately and sane'ly. 

THE TRUE INVESTMENT 


Te) illustrate the stateme'nts made in the' pre'ceding paragraph, 
the fe>lle)wing e'xample is given. A company, j>r('paratory to 
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starting in business, .Jssues stock to the extent of $200,000, 
realizing from sale a total of $180,000 clear of organization 
expenses. Of this amount, $150,000 is invested in land, buildings, 
and equipment, on the basis of which bonds are issu(‘d to the 
sum of $100,000. This latter sum is inv(‘sted .in additional 
equipment and working stocks, tke remaining $30,000 being held 
as working capital. At t he end of three years the company has 
reached the point where it is doing business at a piolitable rate, 
but an audit of the books reveals the fact thal during this 
period it has paid no dividends at all on its $200,000 of outstand¬ 
ing stock, has set aside no depreciation reserve, and r(‘{iuir(‘s the 
full amount, of funds coming from earnings to balance its accounts 
and hold the $30,000 of working capital with which it started 
business. Its financial statement, ex])iessed in simplest terms, 
would be Jis follows: 

Ahkets, Book Li^hilitikm 

Physical plant and stocks. S250,000 8lock .$200,000 

Csi-sh and olher current. Bonds. 100,000 

assets... 30,000 Depreciation and other 

Resources sui)plied from reserves 

income 20,000 Surplus.. 

Total . $300,000 Total .. $;{00.000 

On the basis thus indicated, the concern has b(*en able to ])ay 
its bills and is now doing a good business. 'I'lu* (piestion is, what 
is the total amount of capital investment? It is pltiin that the 
company is in a precarious situation without reserv(‘s or surplus 
in any form. The bondholders are safe, but the stockholdtns 
would l^b slyjrt on a forced liquidation. 

The interest, or dividend, on stock has not been paid for the 
period of three years. This would amount, on a (P;<, basis, to 
$36,000. A proper d('prcciation reserve may not be in(licat(‘d in 
(!xact figures without an extended discussion as to the character 
of plant equipment, but the most conservative* estimate would 
be at the rate of 4% per annum on $1.50,000, amounting to 
$18,000. Other resources in various forms should have been 
developed during this time, so as to have cremated certain con¬ 
tingent reserves, amounting, we will say, to $10,000, and also a 
surplus at least sufficient to meet the interest on bonds for one 
year, an item of $6,000, THese items total $70,000, which, in 
rough approximation represents the additional amount of 
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investment that should haxe'been made-in order to carry the 
enterprise 4.hrough the formative and development stages and 
place it on a footing where it may proceed in an effective manner 
to produce the goods for which it was projected. Hence the 
(correct amount of invcslment on this assumption would have 
been $370,000, so used as to irtcreasc earning power with which 
to build up current assets to more substantial figures. 

All items mentioned as assets in the above statements arc 
actual property items (•arri<'d at book value. Nothing is said of 
what, became of the'$20,000 stock representing the difference 
between the total issued and the $180,000 received in cash. 
Thes(‘ shares of stock may have been given to promoters in 
return for their actual services and outlays during the promotion 
p('riod. The amount indicat(‘d would not be an excessive one 
to 1)0 devoted to sutdi pui’poses. Neither has mention been made 
of other forms assets which a manufactisring concern might 
list at the end of the successful development period. These arc 
“value of patents,” “good-will,” etc. It would not be difficult 
for a comj)any management to add such items and convert the 
jibov(' simple statement into one showing a substantial surplus, 
merc'ly by adding assets the character mentioned. Unless 
money has actually been paid out for patent rights, however, 
sucli padding of assets would be questionable, if it is the desire 
to (‘xjin'ss the real status of the business from the standpoint of 
determining what lh(‘ investment has actually been. 

'J’Ih' object in view in pre.senting the foregoing statement is 
purely that of sliowing how nect'.ssary it is to take careful steps 
to prevent an enterprise from going on the rocks during the early 
years of its oiieration. Investors are entitled to theiareturn from 
the time the stock is purchased. To consider the amount of 
such divid(*nd return in the light of that much additional money 
invested, is not to advocate the reprehensilde practice of paying 
dividends out of capital. At first thought, the two things appear 
to be related, but a careful analysis of the situation reveals an 
important difference. As pictured in this illustration, the under¬ 
taking is a bona fide movement to build up a successful enterprise. 
Investors have risked their money on the chance of an estimate of 
manufacturing possibilities being correct, and also on the effec¬ 
tiveness of the management which has been in control. It would 
have been unwise, however great the amount of invested capital, 
for the management to have paid in cash the {imount of the 
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actual dividend, ever though in justice the stockholders were 
entitled to it. The psychology of the situation would not have 
permitted such actual payment. Purchasers of stock should 
expect that earnings during the first years of active operation 
would be turned into the business to make secif.'c their own 
investment. " 

Nevertheless, the actual true investments which have been 
made in the enterprise include the sum which might have been 
paid as return lor the use of cajntal. In determining the actual 
value of the property of public utilities lor i-ate-niaking pur¬ 
poses, it has be(ui held repeatedly by the courts that, this allow¬ 
ance for unearned interest should be made. It is the best and 
perhaps the most specific designat ion of what is commonly It'rmed 
addition for “going concern’’ value. 

The (piestion may be raised as to whether allowance for this 
should b(‘ made in determining the amount of original investment 
that is necessarily imule before starting in business. It may be 
argued that it would be impossible to sell securities on values not, 
in existence. It is probably true that it would be imj)racticable, 
and perhaps unwise, to raise the amount as an actual ca.sh sum 
prior to beginning oj>erations. It may be better to l(*t the 
l)usiness continue, liasten tlu* accumulation of i)roperty through 
the reinvestment of net income, and then later adjust the invc'st- 
ment securities to accord with the actual facts as to value of 
accumulated property. In the illustration which has been cited, 
however, the amount of property accumulated aiid utilized in 
the business is insufficient. There should have bcfui a greater 
initial allowance for working capital. 

The question would also arise as to the relative amounts of 
stocks and bonds. Discussion on this point will not be under¬ 
taken in connection with this purely hypothetical company 
statement, but will be treated in detail in sueccH'ding paragraphs 
of this chapter, in application to the finarnaal statements of sev¬ 
eral successful operating concerns, 

CORPORATION FINANCE 
1)p:finition' of Terms 

Capital. —Th(! term “caj)ital” is used in so many senses and 
relationships that it is better not to attempt to give it an exact 
meaning for use in the present connection. It has become an 
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academic term rather than a (Specific term.to be employed in the 
interpretation of business finartcial statements. 

A brief discussion on the significance of the thing which is 
usually pictur((d as capital in the minds of people may not be 
out of placc^however, at this point. The economist defines it 
as “the sum of the machinery and materials of protluction." 
This comes close to the meaning of the term “funds utilized,” 
in which there are included all of the items of property value 
(*mployed in the transaction of the business, corrected for the 
depreciation, so that-only actual current, value of property is 
considered. Debslte would arise' over th(‘ question of including 
items such as i)atents and good-will. It is obvious that the values 
n^presented by these items are^ being utilizc'd in the business, 
and are also a part of the “capital” employed. It is (piestion- 
able whether it should be incliuU'd as a part of investment, except 
as the books may show actual amounts paid J’or patent rights or 
other evidences of proj)erty. Nothing is to be gained by discuss¬ 
ing the intricacies of this qia'stion, therefore no attempt is made 
to bring the three terms intodefinite relationships with each other. 

It is important, howevt'r.tbat there be determined for any enter¬ 
prise, old or new, th(' proper amount which is to be considered 
as the foundation sum which measures tin* actual monetary 
strength of the company. ()n this th'pends the security and value 
of stocks and bonds. The j)ublic utility interests (with which 
are included the railroads in th(‘ present interpretation of the 
transj)ortation policy of the country) are required to base their 
issues of stock and bonds on property values, these values being 
(letermiiK'd by processes which need special treatment, l)ut which 
are quite (‘losely related to the “investment” as th{;t term has 
been outlined in the preceding sections. 

WJien this base quantity that is to serv(' as a measure for the 
issuance of company paper is determined through a valuation of 
the physical property, with additions made to the same to give it 
a “going concern ” value, the result may not be in accord with the 
actual book value of investment record. There are involved 
in any attempt to reconcile these two quantities--present value 
and investment or look valu<‘— such matters as variation in 
costs of construction at different periods, changes in land values, 
changes in prices oi basic commodities like steel, the reinvest¬ 
ment of earnings, the question of adeljuacy or possible exorbitanee 
in the charging of rates for service during the past years of opera- 
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tion, effectiveness and honesty in financial administration, and 
other points involved in the conduct of business under such 
management. But if capitalization is to be adjusted on the basis 
of the value of the physical property, it must be agreed that the 
slate is to be wiped clean and that a basic value i^,to be set, on 
which future financial policy is .*o be established. In no other 
way can the public service interests of the country l)e brought to 
an established basis, so great has been the manipulation of stocks 
in the past, and so varied have been the practices of management. 

It may be that the public has supplied, through unduly high 
rates and tariffs, much of the money that has been applied to the 
creating of phj'sicjil values. C’ontentious debates have been 
waged on the question, and some attempts made t o “unscramble” 
the funds originating in the several ways. Some injustice' 
undoubtedly attends the process of revaluing property on a 
physical basis and adjusting allowable earnings thereon. While 
the possibility that this may happen alwaj’s exists, the fact, 
remains that the public was slow’ in taking hold of the q\iestion to 
prevent itself from being defrauded, if defrauded it was. Anyone 
who has considered this question from the practical standpoint, 
of the measures necessary to secure a record of true values is 
usually ready to say that nothing better can be done than to t.ak(^ 
the present replacement cost, with proi)er correction for physical 
depreciation for the period of service, as the basis for an adjust¬ 
ment of values to guide in future transactions. 

The inclusion of this reference to inoperty valuation at this 
point is incidental to the effort to make it clear that recognized 
investment values on w’hich th(' owners are entitled to dividend 
returns' may be quite a diff(*rent thing from the actual amount 
of money which investors have tlu'mselves entrusted to the 
enterprise. 

C!andidly, then, capital may not be defined in quantitative 
terms so as to be of any significance to men dealing wdth practical 
affairs, although terms used in the rnt'asun'ment of capital may 
b(i so defined. 


Capitalization. —“Capitalization” is a term to which has been 
ascribed a meaning as definite as the term “capital” is indefinite. 
It is used to repre.sent the total of capital stock and bonds out¬ 
standing.^ The word “outstanding” in the preceding sentence 

‘ In another sense, "capitalization” is u.serl to indicate the amount of^the 
capital stock which the corporation is authorized to issue under the terms of 
its charter. 
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must be emphasized. A corporation, ^yhen chartered, has 
specified the total amount of* capital stock which may be issued. 
For all practical purposes, howevq;r, what is of significance is the 
amount of this stock, both common and preferred, which has 
actually been issued by the company and is held by individual 
owners, togetlier with the bonds which have been authorized 
over mortgage or debenture, and for which the c()mpany has 
received payment. The question of vital importance is th(i 
determination of the proper amount of capitalization which th(! 
property of a concern justifies. Three basic methods are 
(‘mployed in the adjustment of this relationship, and the one most 
appro[)riate is to be deci(l(‘d upon after a study of the special 
conditions which surround any particular instance. 

The three recognized bases for adjustment of capitalization 
are as follows; 

1. The basis of actual capital invested, or b\)ok value. 

2. The physical value of the jdant, determined by appi-aisal 
and estimate of reproduction cost, with proper additions for 
going concern. 

3. The earning power. 

The first, of tlu’se methods is thoioughly sound in piiiiciple 
when th(‘ records of the* t;oin])any hav(‘ been kept in a sufficiently 
accurate manner to make it possible to determine just what the 
inv(;stment.s have ])een. It is the method (!ommonly followed 
by relatively small concerns which hav(‘ little to gain from manip¬ 
ulative financing. Many important companies havt' followed 
essentially this practice, even though the actual value of plant 
and eciuipment has grown to an amount far beyond that Vepre- 
sented in the total issues of stock and bonds. Where this is the 
case it means that the earning power of the company has been 
largely increased, so that the concern has the ability to pay large 
percentage dividends on the relative small amount of outstanding 
stock. 

This possibility leads to a condition that is unfortunate, in 
that a certain amount of public dissatisfaction may be experi¬ 
enced over the payment of high dividend rates. In some cases 
it even encounters specific legislative prohibition, or the equally 
effective prohibition that comes from taxing excess profits. 
We will not stop to inquire at this point w’hether the property 
values were built up by the reinvestment of earnings which were 
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loKitiiiuitc, or whol^hor hoavy -iiioliis wcie socurcd through 
measures which were questionable. It. may b(‘ taken for granted 
that most of the industrial eoijcerns h(‘re refem'd to were (“nabh'd 
to mak(‘ tlu'ir (‘arnings through fortunate market conditions, 
and that iiK'thods prevailcMl which weije straightforward and open. 

When such an establishment, confronts th(‘ condition where 
heavy payments to stockholders are both possible and reasonable, 
on the basis of value of the* ]>roperty and its earning power, a 
common recourse is to declare a sl(><*k divitl(‘nd. The obje{;ti of 
this is merely to increase the total amount <>1 outstanding .stock, 
•SO that in the distribution of lu't profits lh«‘ jaa’centage on par 
value of stock will l)e diminished. The stock <lividend.i!^ declan'd 
in the same manner as the ordinary divid(*nd. ))ut is paid in new 
stock instead of c.ash. Fn^piently th(‘ stock used in j)ayinent 
is a new issue of j)referr(‘d stock bearing a fix(‘d ia,t(‘of int.ei’(‘st, 
the i)aymenl of wjjich would absorb a considerable portion of the 
earnings to be distributed in the futinc. The incr(*ase in tin* 
amount of stock outstanding may be brought about simjdy by 
declaring a n(*w issue IkiscmI on the actual values of th(‘ property 
employ(‘d in the busiiK'ss. 

It is assumed here th.at in all cas(“s there is actual j)rop(‘rty 
valiK' b(*hind the nc'w stock. This brings it h'gitiinately within 
the definitit)!! of the first methotl, wln-i'ein the total amount of 
outstanding s(‘curiti(‘s is t)a.sed strictly on value's of j>ropert.y as 
rev(*al(*d by the property account c:irried on the books. In 
th(' <*xamination of financial statements to In* discussed in the 
following paragraj)hs. re'b'rence will be made to the' (plant it at ive 
n'lationshij) which should be observ(‘d b(“tw(‘en the amount of 
these’securities and the* valm* of ai'tual pntperty. 

The s(“cond method differs from th(‘ first only in respect to the 
process employed in deteainining the value of the iirojierty. 
The cajiitalization is to be lu'ld to a justifiable ratio with the 
property value, as in tlu' first method. The diflen'iicc* is that the 
vahu' of the projierty has been deterniin(;d by apprais.al rath(‘r 
than by conqiany (*xperience regist(‘r(*d in its own books. As is 
well kiKjwn, the ca[)italization of imblic utilities is det(‘rmined 
ri'gularly by this method, but, excu'pt for jnirjioses of sale or 
taxation, it is unu.sual for the privately owiK'd establi.shment to 
emfdoy this method of arriving at values. 

Th(* third method is one ■which has Ix'en employed exti'iisively 
in th(* handling of industrial proiriuties. AiEuments in its 
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(Uscriminatft)n between the elennmts whieh make for value of 
stock and bonds on exchange anci th(‘ (dements which make for 
th(' guarantee of the safety of company paper. 

This methcltl is that of cai)italizing the earning power. That, 
is, the concern w'hich has an earning capacity of, say, $(i0,000 
(XT y('ar, will pay a 0% ret urn on $1,000,()()(). '^riie concern might 
then be capitalized on the basis of the $1,000,000, irresi)cctiv(' 
of the actual amount which had been invested originally by the 
founders of the (‘ntyr()rise, and irres()ective of the actual value of 
the ))rojx'rty ('rnployed. 'rix' situation calls for a bit of careful 
analysis. From the stand|)oint of those who favor this method 
of financing, it is w(“ll un(lerst<xxl that tlx* value' of stock is 
(liicctly (lejM'iuh'nt u()on the earning (*a|)aeity. Assuming that 
tlu' ('iitire amount of outstanding securiti('s is in the form of a 
single issue of common stock, taken thus for the sake of simplicity, 
the paying of current dividends that are above the rate generally 
considered satisfactory as interest on loans at once causes the 
stock to sell at a high rate on the mark('t. If, for any n'ason, 
Mie amount of outstanding stock is to be increased, to avoid 
excess (U’ofit taxi'S, or simi)ly to bring the rate of divid(‘nd to a 
ri'asonabh' figtire, advocate's of this method will argiu' that it is 
well to go as far as pf^ssibU' without causing ,so great a dro)) in the 
diviek'iid I'atc' as to drive* tlu' stock on the market below })ar. 
Thos(' who are adjusting tlx' stock issue from the standpoint of 
the stock market follow this line of n'asoning. 

The practice is not to be eondc'inned out of hand. Wlx'n it is 
('X('rcised with caution, no bad results n('('d follow, althciigh at 
lu'art it is a sjK'Culativ(*proceeding. It has the sjK'Culai*ivefeature 
because' the values that are be'ing de'alt with are* those which 
dejK'nd u|)on the divielenel record of the* past anti on the degrt'e* 
of confide'nce which buyers of stock may have in t he managt'ment 
of the' company. The' proposed capitalization is not base'd on 
intellige'iit, analyst's of producing and marketing conditions, or 
the progress of ivlated industries. Any one' of many causes, 
inte'rnal or exte'rnal. comix'titive or favorable, may bring about a 
(U'onouneed change in the e'arning powe'r that will throw it 
quite' out of harmony with jxist records. To reason entirely 
from stock marke't re'cords is to ai‘e*e])t busine'ss judgment at 
second hand. (kmfide'nce in the management to sustain the 
earning (xiwer is a ditfere'nt thing from basing ax'tion on the 



200 


MANAGEMENT ENGINEERING 


confidence which arises directljr* from a first-hand analysis of 
the conditions which affect business. Between the business and 
the trading in securities on the Stockmarket lies human judgment, 
with the tendency toward optimism, which is an expression of 
confidence in the ability of the company managemeiit t o maintain 
earning power. 

In brief, strong as is the influence of stock prices as related 
to dividend-paying capacity, and logical as may be the variation 
in significant values of company paper, there is an element of 
danger in this third method of adjusting capitalization. The 
first duty which the management owes to its security holders 
is that of making safe the investment. This is accomplished 
by accumulating the real property values that stand behind 
stock as well as bonds. It may be said that to place in the hands 
of a stockholder two shares of stock, where previously he held 
but one, with no Additional payment required from him, leaves 
him with the same amount of equity in the enterprise, and he 
would receive just as much on the dissolution of the business as 
if the expansion in stock had not taken jdace. There is truth 
in this statement., but there is the other pertinent fact that in 
case of diminished earning capacity the value of the two shares 
of stock on the market will suffer more than would the one. This 
fact is not readily explained, Imt it is true. It is based on human 
nature rather than on the mathematics of the situation. Psj’- 
chology figures largely on the stock exchange and the condition 
cited is one of significance. 

Enough has been said to indicate the real principle which must 
necds*guide in the adjustment of company capitalization. 'J’he 
real basis'which makes for safety is the value of the property 
employed in the business. The three tlu'ories discussed rej)re- 
sent three different methods which are employed in arriving at an 
estimate of the value of property. Fundamentally, there is 
but the one consideration. Care and conservative judgment 
must guide in order that confidence may be maintained, because 
on confidence rests credit. Business enteri)rises are succe.ssful 
in proportion as they enjoy and utilize credit. It is a thing which 
is closely related to capitalization and to actual property values. 
Numerical analyses which follow in succeeding paragraphs 
will reveal characteristic figures for this ratio. 

Stock and Bonds. —The preceding section devoted to capitaliza¬ 
tion has takon for granted the reader’s knowledge of the general 
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character of these two forms of securities. Capital stock has 
been discu^ed in the chapter on “Organizing the Company,” 
mainly with reference to the technique of corporate organization, 
'i'hc actual amount of outstanding stock, or stock which has 
been actiiallj/* issued by the company and for the redemption of 
which it stands liable, may be a very different quantity from 
the total authorized capital stock specified in the charter. The 
actual amount of cash niceived in the treasury of the (company 
for the stock thus issued may differ materially from the j)ar 
value. Common slock has been issued many times purely as a 
bonus to encourage the selling of jireferrcd stock and sometimes 
of the bonds. Practice in this respect is changing gradually, 
and under existing state laws there will be a closer relation between 
outstanding stock and cash receivetl for it. In the illustrative 
exercise in the first section of this chapter, essentially full pay¬ 
ment at par was assumed on the outstanding’stock. 

Stock which has been bought back by the company is no longer 
an obligation to be met and should be held as treasury stock, 
subject to fut\ire sale if conditions make it desirable. It is 
ujert paper so far as the actual statement of operating finances 
is concerned. 

A bond issue is in all significant respects a long-time loan. 
It must be based on actual property values which stand as security 
for the issue. Without this security, bonds cannot be sold. 
Honds an' designated as mortgage (first mortgage, second 
mortgagi*, etc.), debenture bonds, income bonds, special equip¬ 
ment bonds, etc., according to the character and availability 
of the projH'rty which secures tliem. The relation betwesn first 
mortgage and second mortgage bonds is exactly tlJb same as 
that which exists between first and second mortgages on a section 
of land. This difference is well understood by all who have any 
knowh'dge of financial matters. The value of the second issue 
depends entirely on the margin of value which the property 
possi'sses over and above the amount of the first issue. 

The debenture bond differs from the mortgage bond, in that 
it is based upon what is essentially a promissory note, properly 
executed, but not assigning any specific item of property as 
security. Its value depends on the general financial responsi¬ 
bility of the company executing the, note. It may be said that 
earning power plays a larger part in securing this type of bond 
than the actual value of property, and this may be.true in many 
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<*ases. It should bo ^in establishod* policy on the jiart of a com¬ 
pany which has issued bonds of this (•hara(*ter to'provide for 
their retirement oul of earnuiRs within a comparatively short 
period. 

The income bond is a variety of paper still falther removed 
from actual j)roperty backing. *fn fact, it partakes very largely 
of lh(‘ character of preferred stock, without voting power. 

Special eejuipment bonds, as the name inif)li(‘s, are secured 
by speciti(*d classes of property. Kailroad (“oinjianies are almost. 
th(* onlv ones which have made use of this form of s(‘curitv. 
(’ar equipment bonds have freqiKmtly been issu(“d for the purpose 
of financing increase's to equipiiK'ni, the e(piij))nent itself b(‘ing 
given as se'curity. 

The Depreciation Reserve. While' ele'preciation is a matter 
e»f j)rimary cemeiern during eipe'iation, it is neit to be e>ve*rle>e)ked 
in a consiele'ratiem'of eniginal financing. Jt is ne'ce'ssary that it 
l)e' unelerstoe)el fully when stuelying the' financial state'ine'iits of 
ope'rating cone-e'rns fe)i‘ the' purpejse' of ele'tertnining signifie-ant, 
ratios that may guiele in furnisiiing ftie nee’cssary e'epiijmie'ut. 
Jt is the reserve to e'over ilepre'e*iatie)n. anel its influe'ne'e e)n finan¬ 
cial pre)l)lems, that are* te) be' e'enisielere'el at this time, ratlu'r than 
ele'pre'ciatieni itself. 

In gene'ral, depreciatie)n re'pre'se'iits the e*hange' in the' value* eef 
prope'ity eluring pe'rie)els e)f time'. It is a leiss whie*h take's place 
much inene' raj)ielly elining seeme' j)e‘rie)els than eluring e)thers. 
lle'avy niachine*ry plae*e‘el em fe)undations sufft'rs a e'ejnsiele'rable* 
loss in value be'cause* e)f the e'Xf)e'Tise' that we)uld be' invedveel in 
me>viqg it te) any othe'r le)e‘atie>n. A law fen- calculating the* actual 
amount. e)l*-the eh'pre'e'iatiem le»ss whie'h give's large*r figure's fe)r the' 
e'arly ye'ars is aj)pre)priate', the'ie'feH-e.fen- such e'lasse's e)f machine'ry. 
A rule ine>re* gene'ially fe)lle)wx*d,howeiver, is te>assume' the* straight- 
line^ hiAV with a unilbrm lejss each ye'ar e»f the* e)pe‘i‘ating life' e)f 
the; jMOpe'ity. I'urthe'i- than this, le'fe'ie'iie'e' will not be' inaeU' te) 
the ine‘the)els e>f calculating the actual change' in value. Jt shoulel 
be note'el, liowe*ve'r, that some' type's ejf j)re)f)e'rty, notably lanel, 
may suller an actual incre'ase in value', wliich me'ans a ne'gative' 
ele'i)re'eiation. 

It is ck'ar that in dete'rmining the actual amount of funels be'ing 
utilizeel at any particular time in the operation of the busine'ss, 
the figure should be base*el on t he true; value e>f the property 
items at that time. TJiis m(;ans that, the depree'iation re'serve is 
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to 1)0 deducted from tht' orif^ingtl or book value of inv(‘stineiit in 
the plant. 'This gives what may be termed the “present value.” 
There are two rradhods (*mployed by ac(!Our»tants in taking (ran^ 
of this matter. Ono is to adjust the value ol‘ the several items 
in the list of^)rincipal assists, such as buildings and equipment, 
so that lh(‘se apfx'ar at their true values at the tiiru* of preparing 
the statement. If the f)lant is operating year after yc'ar with 
slight change in the anioinit and gencTsil character of the ecpiip- 
ment, this iiK'ans t hat the books will show in the prf)p(*rty account 
a gradually diniinisihing value*. Kathe'r than do this, others hold 
th(‘ [)rop(Tty values at an approximately constant h'vel and show' 
a gradually increasing ilepn'ciation re'se'rve*. This resc'rveaccount 
is a lial)ility, since it re'jjresents an obligation which the company 
must nie(*t in any linal adjustment of its affairs. Irj finding the 
actual amount of funds utilizc'd in the enteri)ris<* from the* figures 
e»f a balance* she*e*t, where* this practie*e* is fe)llow('el, elepreciation 
re“se>rve must be* de*(lue*te*el from the* appare-nt value* e)f prope*rty. 

The* hanellittg e>f a (le']>re*eiatie)n re*se*rve* is a matte*i- whie*h e*ause*s 
mue*h e*onfusie)n in the* uiinels e)f the* ine‘\pe'rie*ne*(*el. Any themght 
of it as a re*al re*se*rve‘ sugge*sls the* e*xiste*ne*e* e»f a sutu e)f mone*y 
se*t asiele* for ne> a])])are*nt f)urpe>se*. rnel(*r some* e*ire*umstances it 
may be* ge)e)d [)e)lie‘y actually te) k(*e*p a limite*el ame)unt in l■ese*rve* 
wh(*n it is e‘vi(le*nt fie)m the* e*euielitie)n e)f the* e*ejui|)nu*nt that the* 
time* is near at hajiel whe*n e‘epupiu(*nt ite*ms must be* re'plae*e*el. 
maele* ne*e*(*s*^ary e*ithe*i‘ by the* e»ld be'ing we)i*n euit e)r having 
be'e*e)me unpre)fitable* be*e*ause' e)f impre)V'e'me*nts, but this is ne>t 
ejfte*n the* e*ase*. W'he'ii thus actually se*t asiele* in re*se*rve*, the* 
me»ne*y is pre*sumabl\ drawing se>me rate* e)f inte*re*st in the^bank, 
anel it will appe*ar in like* ame)unt e)n the* asse*t side* eei^the* state*- 
me*nt. e*ithe*r in the* general item of cash e>r in a se*parate item. 

Hut it is evielent that te) ke*e*p me)ne*y em <le*))e)sit wdicre it will 
eiraw but a le)W rate* e)f inte*re*st is an ine*flie*ie*nt utilizatie)n e)f funds. 


Ne) industriiil e*nte*rprise can be* consielereel satisfae*te)ry unk*ss 
it is paying mue*h large*!* returns e)n inve*stme*nt than woulel be* 
paiel feu* me)ne*y elepeisiteel in a!iy bank eer trust e’eempany. The* 
le)gie‘al thing te) ele), the*re*fe)re. is te) utilize* these* funels in the* 
buileling uj) e)f the* eepiipment e)f the* i)lant. e)r the* cre'ation of 
more* aele'e|uat.e* >ve)rking cai)ital re*pre*se*nte*el in ste)e*ks e)f materijil 
e)n hanel, which re*prcse*nt })urchase*s,anel cemseepient investment 
e)f mone‘y at timers when marke*t e*e)neiitions are e*specially 
favorable*. 



204 


MANAGEMENT ENGINEERING 


I * 

This gives rise to the thought that when the reserve is tied up in 
the business it is not available^ for purchasing new equipment to 
replace the old. In a measure this may be true. The suggestion 
in the last paragraph pertaining to the holding of a limited amount 
in more liquid form was made with this in mind* In general, 
the replacement needs may be estimated for long periods in 
advance and plans may be made accordingly, thus safeguarding 
the situation. Shc^ukl particular emergency arise, the added 
equipment and material which has been supplied through the 
utilization of the reserve fund by reinvestment in the business 
may be made the basis for a bank loan, probably at inten'st 
rates not out of proportion to the lates that arc being received 
on the money as invested. In these ways, according to the sound 
judgment of those who are in control of operation, the deprecia¬ 
tion reserve is handled to the best interests of the organization. 
In interpreting financial statements, it. is to be observe<l that the 
equivalent of the depreciation reserve carried as an item on t h(‘ 
liability side appears somewhere on the asset side in the guise 
of equipment, materials, or cash. 

In passing, it maj’^ be remarked that various spt>cial reserve's 
are explained in the same way. Reserves are frequently provided 
to take care of accrued interest on bonds or loans, to take care of 
interest coming due in the near future, for the carrying out of 
speciallj’' designated lines of work, or for replacements and better¬ 
ments. All such impending expenditures are treated as obliga¬ 
tions soon to be met. The actual funds from which payment will 
be made appear in cash or other items in the asset column, such 
as shout “time investments or securities of other companies readily 
convertible into cash. Successful operation demands that funds 
of this character be retained in a form .sufficiently liquid to enable 
the company to meet its obligations without the annoj^ances 
which are destructive to credit. 

SURPLUS 

In the developing and handling of surplu-s the company 
manager meets one of his important f)ro]>lems. C!onsideration 
must be given h(!re to sev(‘ral f)f th(' (pi(!stions of policy which 
have a most vital relation to the safi'guarding of securities and 
to the development of confidence in the enterprise. A wise 
management must sometimes oppose the stockholders, who arc 
interested largely in the size of the dividend declared upon the 
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stock, and who may not hare the vision fo foresee the benefits 
that will come from a gradual building up and strengthening of 
the company resources. 

There are several sources from which a surplus is derived. If 
the company*propcrty be revalued during a period of advancing 
prices, and the several items listed at the rates which correspond 
to the purchasing prices of the day, there results a larger total of 
company assets, the same being reflected in the increase of surplus, 
which is merely a difference between the total assets and all direct 
liabilities. The S4me result comes from the inclusion of such 
items as franchise value, good-will, value of trade marks, or other 
forms of intangible elements in the earning capacity of the 
enterprise. It is possible that in some instances this is legitimate 
pra(!tice. A calm consideration of the actual facts in the case* 
will generally lead one to the conclusion that it is unsound, 
however, and is likely to result in the creation of suspicion. It 
surely does not represent anything which will go far in safe¬ 
guarding the hokiings of the stockholders in ease of string('ney 
or suspension of operations. 

Another source of surplus is the selling of plant equipment 
which has been fully covered by depreciation reserves and is said 
to be written off the books. If depreciation has been handled 
properly, and any item which is technically of zero value on the 
(company’s books actually returns an income on sale, the sum 
thus rt^alized is a genuine addition to the assets of the company. 
It appears in cash, accounts receivable, or other evidence of 
property. As before, the amount shows up in the surplus. 

The really significant source of surplus, however, is .saving 
from earnings. Conservative handling of the affairs iff a success¬ 
ful enterprise will always result in the setting aside of some 
portion of the gross profits to surplus. It is impossible to give 
exact estimates of the amount of surplus necessary or desirable 
from the standpoint of service in meeting unexpected contin¬ 
gencies, such as excessive depreciation or the unavoidable losses 
of bad years. Enterprises differ radically in their susceptibility 
to variations of this sort and the judgment of those who arc 
intimately concerned with the administration of the business 
must be the guide. 

There is another form of consideration to be given to the 
surplus, which has to do with the utilization of funds when the 
accumulation has passed beyond the sum necessary for equalizing 
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ilio variations of the years. In early years of any enterprise, 
investors are wise to put, into effect a jwliey w'hereby dividends, 
if declared at all, shall be small, in order that the surplus may 
build up rapidly and the property be pjradually improv(‘d to 
insure increas(‘d earninp; capacity. Many concertis have been 
built up to j)()sitions of great strength and eminence in the busi¬ 
ness world through the reinvestment of earnings. Sometimes 
this has been carried to a point where stockhold(‘rs become 
impatient, but usually the impathmce giv(*s way to a profound 
satisfaction when conditions arise which revgal the tremendous 
value wliich a large surplus has for the stockholders. A striking 
illustration of this is afforded in the record of the, Carnegie 
Steel ('omi)any at tlu' tinn* it was sold to the United States Steel 
(’or|)orat ion. In t h(‘ cases of a great majority of t h(‘ stockholders 
of that comjjany it was undoubtedly true that tin* accumulation 
coming from th(' gr^at earning power which the reinvested surplus 
possessed in the concern was vastly greater than could have been 
realized by individual stockholders had they been handling their 
divideiuls separately. 

I'he (juestion arises as to the propriety of issuing additional 
stock for th(* proj)erty accumulatetl through the reinvested sur¬ 
plus. 'Phis has been a fruitful source of argument and controversy 


in cases of public and semi-p\iblic enteri)rises, such 


as the rail- 


roaeh 


clear that where real value exists in the form of 


plant equipment, there can be no epiestion as to the soundness 
of the backing enjoyeal by such additie)nal stock, in ot her words, 
this is not ‘‘ watered ” stock, but is pa]>er based on sound property 
values.. The question is me^rely whether the original inv(‘stors 
have the ri^ht to possess this i)roperty and to receive dividen<ls 
based upon it. No attempt is being made to carry the (piestion 
through to a final answer, l)ut one observation is mad<‘, namely — 
to the extent to which the original stockholders sacrifice their 
dividends, the reinvestment of that money through the avenues 
of the enterprise resulting in an increased earning capacity, so 
far may it be said that in all justice* those stockhedders are 
entitled to the returns which are a result of sound policy and 
good judgment. The accumulation thus justified is far greater 
than the actual amount, of the dividends which were sacrificed, 
becau.se the accumulation |;ias been a multiplying and redu¬ 
plicating process, where small beginnings have assumed large 
proportions. 
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ANALYSIS OF BALANCE SHEETS 

A typical financial statoniont o^a company, when on(‘ is able to 
interpret it, contains much valuable information. It is an index 
both of its ojicrating condition and of the soundness of i)olicy 
which has governed the manag^mient. It is important to know 
the ratio of certain liability items to corresponding asset items, in 
order to estimate the ability of the concern to me('t its obligations, 
'riiese ratios arc* to Ixj discussed with r(*ferencc to the following 
typical balance sheet. This sheet, is a close parallel to an 
actual staterrumt for an operating (iompany whi(!h was in good 
condition. It may be taken, therefore, as a fair index of sound 
practice, illustrativ(* ol a mamifacturing enterprise*. 

Balance Sheet of the XYZ Company 


Assets • 

Heal csliito :iii(l biiilduiKs . ... . $ ;{22,00() 

Machinery and etniipnient .'):{4,200 

Slocks on hand, raw ... 1!)1,J}2(> 

Stocks on hand, finished or in jirocess 217.250 

Bills and accounts rccc'ivahle ;i02,529 

("a>!h on liand and in hank . 240,402 

lalicrly honds (markcl v.aluc) 19,200 

Sundry investlucnls 0.5,4(K) 

Patents and p;ood-\\ill 115.(K)0 


Total .S2.010,207 

I.i viiii.rriEs 

('apital stock, coiiiiiion . ¥ 400,(K)0 

('a])ital .stock, jireferrcd, 7', otKl.OOO 

k'lrst niortf^aKC honds, r>'", 400,(MX) 

Hdls and accounts payable 291.480 

Bond interest <luc 1.5,(KH) 

('ontmuent resi'rves 44,IK)0 

lOinployi'cs’henefit fund rcserxc 20,000 

Dc'preciatioii re.s«>r\«“ 218,500 

Surplus . , 221.281 

Total . $2,010,207 

For use in lurther analysis of ojicrating conditions the following 

item from openiting jiccount is apiA'iided; 

Annual sales. $ 1,924. (MM) 
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It is necessary to define certain terms which are employed in 
dealing with such statements. The first of these is Capital 
Asfiets. This group includes such property as real estate, build¬ 
ings, machinery, and patents, in the case of manufacturing plants. 
A holding company, this being a corporation formcvl for the pur¬ 
pose of holding the stock of other concerns, would class the 
securities of subsidiary corporations in this group. Intangible 
assets, such as good-will, trade marks, etc., belong in this 
classification. 

Another is designated as Current Assets. This group includes 
all the property that could be disposed of without actually break¬ 
ing uji the business. Within it come such items as stock of other 
companies, when control ot those companies is not necessary for 
the primarj"^ business, materials and stocks on hand and in process, 
finished goods on hand, accounts, bills, and notes receivable, and 
<*ash. 

Within the current asset group are included the items of cash, 
accounts receivable, and certain others which may be turned 
quickly into cash in case of emergency, the total being known as 
Quick Assets, or sometimes Liquid Assets. The test in this divi¬ 
sion conies on the point of w'hether the property is of such a 
character that in the event of possible financial stringency cash 
may be realized on it without delay. 

There is the corresponding group of liability items known as 
Quick Liabilities, made up chiefly of bills and accounts payable. 
This should include the item of interest due, as well as other 
obligations which must be met at once in case of emergency. 

Net Worth is found by deducting the debts from total assets. 
Debts iiicliKles bonds and other outstanding securities, bills and 
accounts payable, and other current obligations and reserves. 
It is apparent that net worth is the sum of capital and surplus. 
It represents the real amount of interest or equity pos.sesscd by 
the investing stockholders in the business. For some purposes 
of analysis, preferred stock would be considered as debt, and the 
net worth of the holdings of common stockholders investigated on 
this basis. Whether this be done dep<*nds on the character of 
the preferred stock as regards the degree of control which it 
carries. In many instances both common and preferred stock 
are held by the same persons m more or less the same 
ratio, so that the first interpretation of net worth is the more 
significant. 
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Other divisions of the propel^, not so cdmmonly employed as 
those whiclf have had specific titles assigned to them, but which 
are, nevertheless, of real significance in analj'sis arc: 

Funds Utilized, which include the direct property items of 
plant and maSorials, stocks on hand, bills and accounts receivable, 
and cash, less depreciation reserve. The reason for deducting 
the depreciation reserve has been noted in a preceding paragraph. 
It is to be noted that the group includes all of the property 
actually employed in the business, accounts receivable being 
included becaus(^ it is understood that the company is utilizing 
its credit which is in turn maintained in part by these receivable 
items. Intangibles, such as good-will, are omitted. It. may be 
that patents ar(‘ utilized in the business to the value of their 
actual cost, but in the sense in which the term is here used the 
item is not considered. 

Plant.—Vm\cr the designation of plant are*included the items 
of land, buildings, and fixed equipment at their depreciated value. 
These form a portion of the capital assets. 

Borrowings include bonds, bills and accounts payable, and 
any other item which indicates that funds supplied by an outside 
party are being retained for use in the business. Under this 
(UTinition accrued interest might be included, but normally it 
would not be, unless for some reason the payment of interest 
were being delayed for a consi<lerable period of time. 

For purposes of analysis, the items of the balance sheet may 
well be arranged on the following plan: 


Asskts 


(;-ish 

Kec'piviibles 

(TIiosc conslituto quick assets.) 
Stneks 

Securities and investments 
Current assets_ 


30‘2.52» 

411,576 

S4,6(K) 

~ .. $1,039,167 


Plant—fi.vcd assets (less dciireciation ) 
I’atents and good-will . 


$637,000' 

115,000 


(Capital .‘i.s.sets. 


752,700 


Tot.al assets 


. $1,791,867 
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LiakilI ri,ii.s 


Bills find aeeouiils payable 

*:191,4S'(i 


Bond inlerest due 

15,000 


('riiese eonslitule ipiiek liidulities.) 
(’iiirent debt 

.' . s 

406,486 

Beserves . 

01.000 


Funded debt bonds 

400.000 


4'o1id tlebt 


870,486 

(’ajiilal stock 

#700,000 


Surj)lus .... 

221 .:iK1 


N(‘t worth 

c 

921,381 

Tot.'d lifdiilities 

#1 

,791,S07 


Ollier (iiiJiTitilios whieli art' of sifiiiifieaiiet' in llie analysis art' 


Funds utilized 
('ii])it:iliz;itinn 
Horrotvmjf.s 
Sales 


SI.592,20 
1 , 100,00 
791,4S 
1.924.000 


On analysis tin' aluivt' ligui't's show tin* followinfj; signifieant 
rat it is; 


I'l.u f’l s r 


t^nick babditie.'. to quick a.s.sels 

71 

t 

t^uick liabilities Ifi current Ji.s.sel" 


1 

( npitali/ation to funds utilized 

tit* 

0 

Borrowings to funds utilizeil 

49 

7 

(tlonds to plfiiit ... 

(12 

7 

Net north to jdant .. 

141 

T) 

Net worth to total debt 

10,5 

s 

Net worth to funded debt . 

230 

0 

Net worth to eapit.'d stock 

132 

0 

Sales to funds utilized 

121 

0 

Sides to net worth 

. . 209 

0 

Sales to plant. 

. . 302 

,0 


'J'ho significunet' of thest* various ratios is rt'adily aiipart'Til. 
(^uick and current assets, manifestly, shoultl show ample margins 
over the quick liabilities. The figures shown for th(' balanct' 
sheet in tpiestion art; const'rvative. 

The rat it) of eapitalizatitifi tti funds utilized, 09 is low, but, 
represents a ctmservative busint'ss. It is here that the practice 




FINANCING THE COMPANY 


211 


of any concern which sets a high value on intangible values, such 
as patents and good-will, will s.how up to disadvantage. Many 
operating concerns, some of th^*m flourishing, are capitalized 
at over 100% on this basis. It must be admitted, however, that 
a more inoderat(‘ iM)li(*y in this regard is better, and conc(‘rns 
really sound Tiav(‘ lu'ld th<* sto(jk issu(*s down to figunis such as 
those repr(‘sented in the illustration. lOach geru'ral principle 
has its exception, however, and there are certain notable enter¬ 
prises in the country, the value of whose trad(‘ marks or good-will 
is a very real thing and arnoimts to a consid('ral)le portion of the 
assets which make.for earning ]a)W(‘r. Under such conditions it 
is justifiable to capitalize on that basis. The conclusion is that 
sound judgment must lx* used in assigning a value for good-will in 
amount such that this ratio is mat(Mially afl’(*cted. 

borrowings to funds utiliz(‘d, and its cit)sely ]'elat('d com- 
j)anion, bonds to plant, have specific significance' and it is lU'ver 
safe to allow the peicentagi' to run above some such figures as 
those' inelicateel in the illustratie)n. Whe'ii the* jjlant ine-lude's 
large lanel holdings, the* ratie) might i)e* slightly gre*at.e'r than (ilUT, 
since lanel is tlu* sales! class e»f pre)perty on which te) issue* bonels. 
Where buildings Jinel e'epiipnu'nt figure materially in the ie)tal, 
oOVi is a ])ette‘r rate' to e)bse'rve'. Much the same state*ment may 
!)(' maele with re*spe'e*t tee the* te)tal of borroweel funds in ineiportiem 
to the total funels utilize'd. Usually the' banks may be* eU'peneU'd 
upon to se'e' to it that e'le'elit is not exte'iieleel l)eye)nel safe* limits, 
l)ut the' i)lai;t exe'e-utive* must ke'e'p siie-h facts in mind in e'onne'e*- 
tion with his planning. 

Th(' se've'ial ratios e>f ne't worth te) the' epiantitie's liste'el may bt' 
considereil in se)me'what the* ^ame' ce)!inection. It is see'ii that for 
('Vt'ry .Slot) re'pre'sente'el in ce)mmon anel ])re'ferre'd stock combineel, 
there is ne't weerth te) the* ame)unt e)f 'I'lie' ratie) e)f we)rth te) 

te)tal ele'bt is ne)t se) ge)e)el. The* ratie) she)ulel be ce)nsiderably 
higlu'r te) insure' fre'e'eleem fre)m the elange'r e)f pre's.sure' fre)m 
e're'eiit.e)rs. We se'e* a situatieen in the* affairs of this ce)nce'rn 
wlu're the' te)tal ele'bt .1ilS7(),4S(), is greater than the capital stock 
e)utstaneling, .1;7()(),()(H). As the pre)pe)rtie)n e)f ele'bt incivase^s ove'r 
the funels inve'steel by the ste)ckhe)lele'rs, the e'e)mpany be'conu's 
more' ele'})e'nele'nl fe)r we)rking capital iipeen the de'e'isie)iis e)f its 
ere*dite)rs, anel more susceptible te) pre'ssure in time e)f crisis. It 
is a pe)int that shoulel be watched with great care*. Many 
e'once'rns .show eiouble' this ratie). The' ratio of ne't weirth to plant 
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Kives the same indication as boneJs to plant, noted in the preced¬ 
ing paragraph. The ratio, 144.r %, is rather low, as 62.7% for 
the ratio of bonds to plant is rather high. Apparently this 
concern is developing its current resources out of proportion 
with the capital assets. 

Comparison based on the amount of annual sales is introducetl 
here solely for the purpose of suggesting the amount of annual 
business that a ])lant should have in order to justify its invest¬ 
ment. The concern is here shown to be doing only a moderately 
active business, turning its funds utilized only 1.21 times per 
year. The capital stock, common and preferred combined, is 
turned 2.75 times per year. The figures are fairly representative* 
of manufacturing plants turning out various lines of heavy 
machinery and bulk commodities. This group of ratios shoultl 
be very different for other lines of business, however. In light 
goods, and particularly commercial pursuits, the ratio must needs 
be considerably greater than these in order to meet the competi¬ 
tive situation. 

In order to stud 3 '^ the type of administrative policy that is 
governing any organization, it is necessary to have at hand the 
balance sheets showing conditions year by year for a considerable* 
period. This will make it possible to determine with a fair 
degree of accuracy the conditions under which the company has 
been operating, presumably during years which have shown good 
business, as well as bad, in former years. The test of time thus 
serves to give an index by means of wdiich the effectiveness of tin* 
administration of the business may be judged and suitable operat¬ 
ing ratios established. A statement for a single year fails to 
give this general index, and one business may not be judged 
specifically* by another. Each line of enterprise has its own 
peculiarities as to investment and volume of lousiness, so that the 
operating ratios which have been found for the one balance 
sheet should not be followed too closely in estimating either good 
or bad tendencies in other enterprises, (icneral guiding relation¬ 
ships may bo kept in mind, however, and may be made to serve 
when employed conservatively, especially in such a vital ele¬ 
ment as bonds in proportion to plant. Another typical balance 
sheet representing a reasonably prosperous concern, is repro¬ 
duced in the section of this book devoted to exercises to be solved 
by students. The results se/iured from its analysis are to be used 
in checking those which have been found for the above. 
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PROCEDURE WITH JHE NEW E^^TERPRISE 

In this CQpisideration one is carried back to the original propo¬ 
sition in this chapter, namely—the determination of the amount 
of investment necessary for his business, and how this investment 
shall be represyented by the various classes of securities. A study 
of the practices of various concorns, as revealed in their balance 
sheets, has afforded guidance to the organizer who considers the 
situation carefully and thorouglily. 

It is to be presumed that the promoter has passed through the 
states of preliminary plant design discussed in ('hapterslll and IV 
of Part 1, or that he has at hand information which has been 
gathered by technical expert s. If the marketing campaign has 
b(M*n accurately project,ed, he knows approximately the* magnit ude 
of business to be undertaken. He should know the approximate 
size of the plant that is to be constructed, and in reasonalde 
detail the extent and general character of llx^ apparatus, from 
wdiich estimat(‘s of plant cost will be made. "Phis serves as a 
pr(‘liminary guide on which may be based estimates of first needs 
and ultimate bond issues. The amount of working caiiital 
necessary to handle effectively the working force and establish 
|)ro[)er credits with banking institutions may then be approxi¬ 
mated. In this the nature, amount, and value ot raw materials 
will figure. TIk* faster the goods arc turned, the less the neces¬ 
sary working capital. 

The table of relative values ol significant operating items for 
fit) selected industries at the end of Chapter II may be referred 
to in this connection, but caution should be exer<*ised in estimat¬ 
ing on the basis of the figures there given tor capittil. It is well 
known that data on capital taken irom the reports of.the V. S. 
Census Bureau arc very unreliable, largely because of the fact 
that manufacturing industries have not followed effective book¬ 
keeping ni(‘tho(ls in the past, which would make possible the 
gathering of reliable information. I'igures from this table may 
have a real usefulness when employed as checks on other esti¬ 
mates, but beyoml this it is not wise to go. 

It is customary to estimate in atlvance the cost of plant and 
related equipment, corresponding to the items of real estate, 
buildings, machinery, and equipment in the typical balance 
sheet. In doing tliis, certain units are adopted on the basis of 
which cost, data have b(‘en calculated from past experience. 
The cost of railroads would thus be estimated on the basis of 
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mileage, the cost per,mile being a,matter on which men of railroad 
experience would be well qualific*d to estimate, after a preliminary 
survey. The cost of utility i>roi)erties may be estimated— 
electric power stations on the basis of cost per kilowatt capacity, 
water works on the basis of cost per million gallons^per day cai)ac- 
ity, highways on mil(‘ag(* corresponding to the conditions on 
railroads, and similarly with various other forms of utility 
improvement. For the general manufacturing concern, the pro¬ 
moter may have his plant cost ('stimated on the basis of producing 
a fixed quantity, determined by the diMiiands of the market or by 
some arbitary ruling; or h<‘ may have proceeded on th<‘ basis of 
number of employees as an index of the size of estj}blishment. 
However this may have becMi done, expedience is the only guide 
lor the final estimate. 


With the item of plant cost de^termined or selected, he may 
then pass, by iqeans of .some of the ratios which have been 
suggested in the jireceding discussion, with an admixture* of 
juelgment anel eamimeui se*nse, tei a cone*lusion as tei the teital 
capitalization neevs.sary. As be'feire note*el, a geiu'reius alle)wane*e* 
shoulel be maele feir weirking e-apital. 

It is neit to be* e*xpe‘e‘te*el that the full amount eif e*apital will be* 
jiaiel in anel made* available* at the* e)utse*t, and in many instance's 
this weiulel be unwise, e*ve*n if it we're po.'^sible*. In ele*te‘rmining 
the relative amemnts eif common or pre*fe*ne*el steick, as well as eif 
bonels, it must be* re*cognize*{l that a e‘e*rtain ameiunt must be* 
paid in in e*ash em the* fe)rm of security that assumes the* risk in 
orele*!* that a start may be made. With the*,se initial funds, fixe*el 
asse'ts must be* .se*cure*el in the feirm eif land anel builelings, feilletwing 
whie*h it inay be* pee.ssible* tei se*cure, first, te*nq)e)rarv loans few the* 
acquiring of adelitieinal property, and, finally, the* acce*ptance* e)f a 
mortgage to constitute the basis for a bond i.ssue. It has b(*en the* 
practiere of many e*one*eriis to acejuire funels few the initial e*xpen- 
ditures from an aelvance* sale of pre*fe*rred stock, a e;e*rt,ain amount 
of common steick being thrown in as bemus with eae;h share of 
preferred. If the ratio thus established betwe*en capitalization 
and funds to be utilizeel were to ce)ntinue, it woulel me;an a capitali¬ 
zation running very high in proportie)n to busine*ss. This wemld 
be the situation in any case for the first years of operation, during 
which time no eliviele*nels on comme)n .stock woulel be* e^xpected. 
It is here that the proper»use of the suri)lus become*s of signifi¬ 
cance. By a wise policy of reinve*sting earnings in the business. 
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there will ensue a gradual building up until the value of property, 
of both fixttd and current assets types, bears a satisfactory pro¬ 
portion to the (capitalization. At this time common stock, if 
issued in tlu’ manru'r indicated, would accpiirc a real value. 
It is thus thiit the stockholder may receive his share of plant 
earnings, even though he ha.*? foregom* dividends through a 
consid('rabl(! peiiod of years in (jrdcr to build up the 
surplus. 

A more conservative method at the start is to s(‘ll both common 


anti pr('f(*rr(‘(l stock only on payment in cash to the full par valvn*. 
Should it bt'coinc (’l(‘sirable to issue stock faster than the money 
can 1 k‘ us(‘d (“ITcctivcdy, resort may be had to the practice of 
selling b(‘low par, the stock being issued as having one instalment 
])aid, (‘ach share subject to assc'ssinents at future timt's in accord¬ 
ance with th(‘ needs of the* Company. This method is successful 
where a relativ(‘ly small number of interested parties are taking 
th(* stock on a subscri])ti()n plan. (General .stock s(dling to the 
public is rarely successful, howev(‘r, iink'ss th(‘ stock is issued as 
“full paid and non-asscs.sablc.” Kv<‘n though the full price* Is 
not paid, this iiK'ans that tin* company cannot colU'ct additional 
payments, even though cn'ditors of the company may collect 
from the holders of such .stock up to the f)ar value, or to other 
ratios in accordance with tlu* laws of tin* incorporating state 
with respect to stockhol(l(*rs' liability. 

In the eaily stages of busiiH'ss procediin* it is of th(* utmost 
importance* that accounting methods should be established that 
shall be ad('(iuate. A charact(*ri.stic feature in successful modern 
busiiu'.ss is accurate knowledge of conditions relating to^costs. 
Capital inv(‘stments on which dividends must be paid to insure 
th(* r(*putation of the enterprise, the maintenance of property 
that can be insur»*(l only by a sane handling of dein-eciatioii 
all(»wances, as well as all of the matt('rs of routine business pro¬ 
cedure - all (lejK'iid upon accurate accounting. The modern 
th(*ory of cost is that not only the facts, but the reason for the 
facts, shall be at the command of the responsible executive. The 
n\ain reasons for knowing costs an* that (‘X(‘cutives may know 
how to proce(*d to r(*(luc(* th(*m. and that sales managers may 
know prices at which to s(*ll. .\t no time are thes(* two func¬ 
tions of greater significance than during the op(‘ning period of 
business. 
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CTIAPTER IX 

ORGANIZATION AND MANAGEMENT 


A — Executive Control 


The primary object- in organization is control. All considera¬ 
tions are to be centered around that one primary objective. 

The guiding element in th(i (hdermination of tyi)e and form is 
that organization is a means to an end. It is the agent of 
administration, and as such merits attention. 

^J'hese two ff)undation [irinciples must be kept always in plain 
view. There is a tendency to overstress organization through 
(daborate planning. The means are frequently mistaken for the 
end. What is needed here, as in all other phases of administra¬ 
tion, is sane jiulgment in weighing the needs of a situation. 
Internal lines of control fix the means of contact of the human 
iactor, labor, with the other factors representing the material 
sid(* of industry. This contact must be real and must be in accord 
with human nature. Control lines when once set are not r(‘adily 
changed, ('lear vision of the aims, and understanding of the 
natun^ of the forces to be controlled, are th(‘ first requisites to 
success in planning an organization. 


The aims are: 

1. To syst(‘matiz(' oj)erations and so fix responsibilities ior the 
several nu-mbers of the operating staff. 

2. To s(*cur<* elTective coordination of effort. 

3. To bring out th(‘ best efforts of the managing staff through 
specialization, each in his own field. 

4. To subdivide the work in large enterprises so that the activi¬ 
ties of each member will be within his power t o exercise effective 
control. 

5. To build up morah* and friendly relations between workers 
and responsible imunbers of the managing staff. 


Production Principles. —Operation of modern industrial enter¬ 
prises cent(‘rs around three firoductiifn principles; standardization, 
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ft penalization, and rn&ss productim... The ideal oslablishracnt is 
one that is in correct relation to all of these. It may not be 
developed to the highest degr(‘V‘ of perfection in all, since limita¬ 
tions of size and scope may prevent, but it will be in logical 
relation to them. For instance, it is not feasible fo<i‘ sonu* manu¬ 
facturers to adopt mass productibn. The princi])al product may 
be of the si)ecial ord(*r variety. Nevertheless, th(‘r(‘ are certain 
phases of production, on parts that have Ix'en standardized, it 
may be, or through ailaptations of the syst(‘m employed in group¬ 
ing orders and passing mat(‘rial through t he plant, where methods 
corresponding to mass production are possible. 

It becomes clear, on consideration of this g(‘neral proposition, 
that large establishments have advantsigc's. 'I'he <lay of small 
enterprises has passed, generally sp(‘aking. Hy this w(* do not 
mean that all plants must be hugt* affairs. In sonu' liiH's good- 
sized factories are» small compan'd with good-siz(‘d factori(‘s in 
other lines. They have grown from diffenuit beginnings. But 
in their several degrees of largein^ss tlu'V have gottetj beyond 
the old fa.shioned small-town sho]), where each work('r performed 
several kinds of work and had pfU'sonal contact with the ju’oduct. 
A new(‘r plan for effective coordination of effort is recpiired. 
which rests ui>on good organization of the forces of ju’oduction, 
and in which these tliree principle's figure heavily. 

Standardization has been the aim of production and designing 
engineers since modern factory methods had their beginning. 
What at first might seem to be a simple matter ol establishing 
standard screw threads took years of effort by t('clinical and 
busine^ss organizations to bring aliout. In the wid('r business 
world we -ytill have diverse systems of weights and iiH'asures. 
Standard spt'cifications, standard narru's fen- machine jiarts and 
tools, a standard general nomenclatun?—tlu'sc' and otlu'rs an? 
ideals toward which industrialists are working. Within individ¬ 
ual plants it has been found convenient, and a common sens(? 
provision, to fix standard .sizes of drawings fogetlu'r with uniform 
methods of detailing structural parts; to .specify toh'rances or 
limiting dimensions, thus .setting the limits within which work¬ 
men must finish parts of machiiK's or striu'.tures that are to lu' 
fitted to other parts; and to enfor(?e rules t(j comiiel designers to 
employ standard fastenings, fillets, and symbols in their designs. 
The.se are matters of techniq'ue, in the main, but the management 
.still has occasion to give them attention. 
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No single phase of plant ’design is of more significance than 
standard equipment. It is often remarked that a plant fitted 
throughout with equipment of second-grade quality is better 
than if fitted with part first-grade .and part sec(>nd- and third- 
grade quality. Work(‘rs on th(j best machines will be compelled 
to be idle at times, waiting for work that has been delayed by 
interruptions due to (l(*fe(;ts on the poorer ones. Unconsciously, 
perhaps, the production rate will be determined by the poorer 
portions, and delayed still more because of lowered morale 
ot the force, causeil by idling on the better portions. In other 
words, teamwork is iini)Ossible with heterogeneous equipment. 
This is distinctly a matter for the management to guard against, 
and suggests a provision in the plant organization for a competent 
foreman and cr(‘w on maintenance and adjustment of operating 
machines. This is nothing new in plants where ecpiipment. and 
process control, as in textile mills, flouring mills, etc., but in 
metal working jflants it was neglected for many years on the 
theory that the operators should keej) their own machines in 
order. In most industries it is given less attention than it 
deserves. 

(Mosely linked with ecpiipment is the setting of standard per¬ 
formance, or tasks, for workers. Here we confront th(' debated 
fjuestion of tinu' studies, motion studies, and the like; also the 
fixing of such matters as dei)th of cut. feed, and speed for machine 
tool opcM'ations, and (*fjuivalent studi('s of tools, materials, arul 
])rocess peculiaritic's. The training of workers figures here, as 
also the (piestion (»f wage adjustment and other inc^entive.s to 
('ffort. Th(‘r(‘ an* many ways by which the managemen> may 
proce(*d. It may roughly guess in the old-time way, which means 
“p.assing the buck” down the line until the la.st unit, the individ¬ 
ual worker, takes the respon.sibility f(U’ methods of production. 
On the other hand, management may assume its responsibilities 
and use trained specialists to settle methods of work, m which 
jirocess it may go so far as to magnify scientific methods with 
the machiiu* as the ideal, and so lose the cooperation of the worker, 
Hetwi'cn the.se two extrenu'S are a multitude of compromises, 
some one of which is best for each case. The problem is to find 
that best method. 

At no other point in the whole rang;c of administration is it so 
necessary for management to remember the simifle principle that 
in exercising control it is dealing with the two forms of energy, 
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mechanical and human. The olS-Stylc manager who “passed 
the buck” down the line was ^side-stopping his responsibilities. 
The arbitrary ultra-scientific expert makes the more serious 
blunder of neglecting the human element. The pity of it is that 
the term “scientific management” has become associated in the 
minds of the masses with th(‘ latter type of specialist, (^ould 
it but be branded on the souls of men everywhere, in all grades of 
service, that in the scientific (ontrol of production forces all 
forces must be considered—that the method of the mechanical 
extremist is not a scitmee but only a part of one—there would be 
good prospect, of coming rapidly to a mutual recognition of the 
true scientific management that would mean cotiperativo action. 
Then the worker could and would demand his right t o an accurat e 
.setting of his task and to the training to enable him to produce 
the maximum with the proper maximum compensation. 1'his 
sounds like ITopia, but it is a true princii)le of management. 

The third unit in the triparte plan of production is standardized 
product, standard labor performance with standard equipment 
to turn out standard goods constitutes corr(‘ct production control. 
This last element is so well recognized that there is no occasion 
for extended discussion. It is the basis of the other major princi¬ 
ples, specialization and mass production. The term does not 
necc‘ssarily stand for the highest graile of (piality, but it. does 
.stand for uniformity and the establi.shment of a constant relation 
with the market. 

Sjiccialization and mass produclion cannot b(‘ .s(‘parat(‘d in 
thought in their general aspects, ’'rhe common aim is to increase 
the production rate. Tn the first, effort is direct(‘d toward lessen¬ 
ing the investment of human energy in jnoportion to output: 
in the second, toward Ies.sening the inve.strnent in eejuipment. 
Again it i.s the union of the mechanical and human (‘lements in 
production, which can never be separated. 

Specialization makes for efficient operation through subdivi¬ 
sion of labor. Th<r worker who executes few movements in the 
performance of his ta.sk becomes expert in those manipulations. 
His muscles act without conscious effort, on the part of the 
brain, in great part, and in certain proce.s.ses the centers of reflex 
action alone serve to corirdinat.e his movem<‘nts. lOvcm in the 
more complex series of hapd processes, each act serves as a 
.stimulus to which the next is the reaction, rtjsponse being semi¬ 
automatic and occurring with a minimum of directing effort. 
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This constitutes habit. UndAr such con&itions there is small 
tendency Co fatigue of either brain or muscles. Performance 
is accurate and rapid, relatively. It is a favorable circumstance, 
and operating conditions should be so adjusted that both employee 
and cmploycl" benefit frorh it financially. The employee contri¬ 
butes his physical attribute's and muscular power, while capital 
has provided the (upiiprnent and the organization making this 
personal accomplishment, possible. The' re*seilt is more output, 
or createel wealth. 

Rut speiaking broadly of the' whole scheme of production, anel 
not of individual e*ase‘s, there is a limit to the increase of pre)eluc- 
t.ive j)Ower made* possil)le by specialized ine'the)els. The prae'tice's 
of e'arlie'r days, w’hen workers followed the' manufactured article' 
through its successive stage's anel saw it finished for the use' ejf 
the purchase'r, j)ut into industry se)mething that was worth while* 
anel for which pre'se*nt practice de)es ne)t make direct provision. 
There* is the ne'e'e'ssity of providing something that will take the* 
place e)f the* stiriudus afforded by former e'oiiditions—.something t o 
hold up the* morale* of the working force. It is e)ne‘ of the niaje)r 
problems e)f management. 

It is e>nly wbe'n the coneiitie)ns e)f mass piodue*tion prevail 
that specializatie)n be'e*e)m('s really effee-tive as applied te) worke'rs 
in the e*lass of machine e)i)e'ratives. (\)mpetition in the* markets 
e)f the world e*an be* me*t e)nly as goods are turne'el out in such 
epiantitie's that. me>dern machines may be* e*riiployed te) aelvantage. 
This is te) say that economic i)re)eluction calls fe)r the use of labor- 
saving machinery, while it becomes ne*ce*s.sary at the same time 
te) emple)y the* machine's fairly continue)Usly in orde*r to yreve'nt 
inv'estme'nt e*xpe*nse fre)m wasting the savings in labor. The* 
plant must be de*signed feir e*ffective*ness in the* use of eepiipment. 
anel then e)rganizeel for e*fTectiveness in operatie)n. through a 
t'ontrol of proelue*t that permits of a .ste*ady movement of material 
in epiantity prope)rtionate te) the cajaicity. What the designe'r 
forc'.saw the* oi)erating manager must maintain through an 
e'ffective* organization of fe)rce*s. 

While* many of the'se pe)ints jx'itain te) the general field e)f 
aelministration, it is through organization that effective* results 
are to be see.ureil. The re*alizalion of the aelvantages that may be 
secureel by a proj)er standarelization of processes, brought about 
through the development of worke'rs made effect ive by specializa¬ 
tion, anel by the creative efforts of experts in the various lines, 
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is dependent upon a fkr-sighted p/>liey put into off(‘e,t at tlie incep¬ 
tion of th(‘ enterprise. It is easier to build new than'it is to tear 
down faulty structure's and buiTd on the ruins. Provision must be 
made for de'velopment e)n the living!; organizm theory of industry. 
This theory is base'd on the' simi)le pn)positi()ii that industry is an 
organism, alive and growing, tlu' parts of which arc mutually 
dependc'nt on eacli other. (’a{)ital, labor, c(pii[)ment, and the 
directive mind of manage'ine'nt, all have' tlu'ir plae’e's anel e'ach is 
a partne'r and e*e)-we)rke*r with all the* e)lhe'rs. Thi’emgh e'enTCct 
organization, the growth of the plant alem'g lines of symmetry is 
provided fe)r. 


Classification of Industries. Befe)r(‘ atte'inpting any formula¬ 
tion e)f doe-trine, e)r rule of action, it is ne'e-e'ssary, furth('rme)re*, to 
ree-e)gnize' e-e-rtain tliffere'nces ame)ng industries. The same yarel- 
stick will not apjdy to all, obvie)Usly. I’lacing the' emphasis at 
e)ne pennt is all right for one plant b\it all wrong fen- anothe-r. 
The variems functions of ele'signing, of ])urchasing and handling 
of materials, of sele-e-ting and ordering the use* of e'epiipmcnt, of 
dire'e*ting labor, f)f selling, anel e)f ace-ounting all must be 
atteride'ei to in e've-ry e-ase. W'hcre' <‘mi)}iasis .she)uld be* place-el 
where strong me*n arme'd with major aeithority are me)st in'e-eleel — 
is ne)t so e-le-ar. 

Til any atte-mpt to analyze* tlu'se* ditTe're*nce*s. the* elistinctive* 
characte'ristics of industrial tyj)e*s must be re*e-e)griize'd. Th’actice* 
as exe-rnplifie'd by organization jilans eef sue*e*(*ssful (*nte*rpi-ise*s 
shows a tendency toward e-e*rtain fenins having a re'latiem tei 
proeluctiem conelitions. What the*s<* conelitions are is r<'ve*ale*d by 
the feillowing e-lassitication intei four groups: 


Group A. —Industrie's in whie-h the* raw matc'iiai elt*te'rmine*s the* 
character and, within limits, the epiality of the proeluct. That is, 
while c*fpiipment anel proe*e*ss and labe)r are* not without, e*ffe*cl, in 
this group of e*iiterprise*s mate-rial plays the* majeir part. Salt 
re'fining. orelinary lumber mills, raw sugar mills, anel canning 
and preserving are* familiar e-xample-s. 

Group B. —Ineluslrie's in which e-epiifiment ele*t,ermine's the 
character and ejuality eif the* jiroeluct. Of course, material 
cfintinues to have influe-nce*, as it always will, as also elo labor 
anel proce*ss steps. Put we may elistinguish in such activities as 
shoe manufacturing, milling of pate*nt<*el ce-reals, pre'sseel metal 
goods plants, cordage anel tw’ine* plants, anel many others, 
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conditions wherein labor and lyaterials mdst be rnad(* to accord 
with the dtwnands of th<“ ('(juipment. Equipment s(^ts th(^ pace as 
well as (piality standards. 

Group C .—Industries in which process det(‘rmines the character 
and quality »f the product. This proup shades gradually from 
the one dominat'd by (‘(juipAient, but there. ar(‘ distinctive 
differences. Two oil refineries may use essentially the same 
kind of ecpiiinnent but their |)roducts may differ radically. This 
is th(‘ r(‘sult of j)lacing (‘xperts in control—men who know how to 
control the proc(‘ss. Ho it is with the coal tar dyc's and a ho.st of 
oth(‘r chemical industri(‘s, including c(‘inent, glucose', leather, 
bake'iy gOods, and ste(‘l. 

Group 1). - Industries in which labeu* elctermines th(‘ character 
and (piality of the product. H(*re again there an' gradually 
shadi'd variations, with some' difficulty in s('('ing just where 
('(piipment ceas('s to control labor and laboi* bc'gins to control 
('(luipnu'nt, but in the grc'at majority of manipulative industries 
the difT('ienc(' is ck'ai'. Fabricated article's, whether in steel, in 
cloth fabrics, in wood, in tobacce), or in leather, repres('nt the 
group. AV(‘ hav(' hi're the' ele'inanel fe)r high aveiage' skill among 
workers, as distinguislu'el from the de'inand feir a fe-w highly 
traine'el dire'ctors e)f pioce'ss in the' pre'ceeling grejuj). 

AVhe'ii cjire'fully e*onsid('reel, the'se' dilTere'iices aie real. The* 
administrator whei has the' task of laying out his operating plan 
and assigning jaoper nu'ii with j)i()])e'r elegi'ees of authority has a 
difficult task, and there are im set rules that can take* the place* 
i>f sounel juelgnu'iit anel common sense. The* pre*ceding statement 
of elilfe'rences suggests a basis fe>r adjusting d(*gre'es of emphasis, 
he)we'ver. 

The Organic Functions.—In ('hapt(*r I the'je was e)utline*el the 
pre)ce*ss by which the* simple e*le'me'ntal eir “one’-man” industry 
(*ve)lves into a fully deve'loped eme*. It is tlu're' maele clear that 
ce*rtain organic functiems characte'ri/e* e*v('ry produe'ing enterprise: 
nam(*ly, Coutrol, Dcsiiju, lupitputcui, Gprraiiou, Mofvriul, Salcti, 
and Coiupuritiou. These* ait* not artificially chosen divisions of 
firoduction acti\itie's; they are ab.solute'ly nece'ssary and eve'r 
prese'iit. functions to be* ix'rfornu'd, whether one* wishe*s to do so or 
not, anel whether one* rec()gni 2 e*s th(*m in the ae't or not. AVhe'r- 
ever men work to a common purpose in production, there is 
control of some sort. Somehow, semiewhere, and by some*one, 
the character of product is dete*rmine*d, whether it be the tone of 
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an organ, the form of a ship, the .^fineness of fabric, the mechan¬ 
ism of a Liberty motor, or the voltage characteristic« of electric 
current sold over the wire—and this is design. Soinetbing is 
employed in operation as equipment to be seh'cted and maintained. 
There must be ojKTation. There' must be* some' i.xate'i’ial us(?d, 
e'ither direct or in process, and Inis must Ix' pi-ocur<al in proper 
amount and kind, represi'iil ing the purchasing function. Nothing 
is produced uiih^ss it is sold, even if one sells it. to himself. 
Every product is set to some standard, as to (piality, amount, 
cost, market demands, or pi'ice, and probably to all, and in 
inspection and accounting is exercise'd the' function of comparison. 
There is no escape from any of these seven functions in any form 
of producing activity, whether one' man or seventy j)erforms 
them. I'lie converse' in true also, that eve'iy act of adminis¬ 


trative control may be classe'd in one' or the othe'r. They are at 
the basis of every plan of organization, but tlu'y need not dictate' 
the physical form. 

Process steps, or various natural divisie)ns of the' enterprise, 
may determine the* major siibdivisie)ns in the eerganization plan. 
This maj" be in any of the folle)wing ways; 

1. Separate'el branedu's, se) elistinct tlnit buileling spae'e must be 
located at }H)ints C'overing so great an are-a that preepe'r contre)! 
dernanels seve'ral supC'rinteneU'nts eer fe)remen e)f ('ejual rank 
pe'rforming the* same functienis. d'his e'OV(*rs e*ases whei’e* the* 
same processe*s are being perfe)rme*el in j)arallel, and alsej tlie»se* 
where successive jjroce'ss steps are* be'ing carrieel f)n, with mate*rial 
moving from e)ne to the othe*!-. It is he're assunu'e! that the divi¬ 
sion is made nece'ssary by the* physie'al conelitie)n of wieh'ly se*pa- 
rated work, and ned by the ne'e-essity for sp(*e:ial epialifie'atiems of 
the division heaels. Tlie heael of tlie* plate* she)j) in a large* ship¬ 
building plant may neeel the same abilitie*s as ele)es the* he'ael f)f 
the shop preparing structural shape's, but t vve> he*aels are ne'e*e*ssary 
bejcause of the separatie)n of the sheq)s. 'J’he* same* may be* true* 
of the foreuiieTi e)f the careling anel spinning re>e>ms in a we)e)le*n 
mill, anel, similarly, in many othe*r })re)elue‘iT)g aedivitie's. 

2. Diffe!ring type's e)f wen-k e'alling fe>r elivisie>n heaels peisse'ssing 
spe.cialize'd knowleelge anel expe*rie*nce*. This is one* ed the me)st. 
e-ommon conditions. It applie's to he*ads e>f pre)minent divisie)ns 
of large enterprises, occupying offices side? by side* at comi)any 
headquarters. Jn railroad companies it is customary for officials 
with the rank of vice?-presieient to serve*, one in charge of opera- 
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tion, one on maintenance of wax structfires, one on mechani¬ 
cal equipment, one on finance, and one in the legal department. 
Oil producing companies of large size have heads of divisions for 
production of oil and gas (those being sometimes separated), 
for pipe line transportation, for refining, for control of land and 
l(?ases, for legal work, for finance, for geological work, and for 
engineering and construction. Thus it comes about that each 
type of industry has its peculiar needs, calling for men of special¬ 
ized training and personality to exercise control in the several 
divisions. 

.'i. Units of product calling for directors of operations. This 
ap[M‘ars e?ipecially in plants the work of which consists of separate 
orders or contracts, each of which must be handled as a separate 
job. Shipbuikling concerns commonly have orders for ships each 
differing from the others, calling for a siiperintendcnt of construc¬ 
tion in (iharge of each one. So with bridge *and large building 
construction operations, widely sejjarated locations demanding 
foremen at the head of organized forces of workers. In many 
large plants the variety of goods produced calls for separate* 
departments, as a matter of convenience and effective control. 

4. The e)rganic. functions themselves, in closely organized 
enterprises, frequently dictate the major elements in organiza¬ 
tion. I'liis is the most representative as well as logical basis, 
where none of the foregoing special process demands require 
duplication. Using the customary titles of officials exercising 
these functions, we have: 

(Jeneral Miinager, exercising control in general over all others. 

Superintendent or (Jeneral Foreman, in charge of operation, 
with inspectors p('rforming part of the duties under comparison. 

Fngineer, (’hief Draftsman, (’hemist, etc., in charge of tech¬ 
nical design. 

Master Mechanic or Plant Engineer in charge of e(pnpment. 

Ihirchasing Agent and Store Keepers in charge of material, 
in conference with designers as to kind and with superintendent 
as to handling in the plant. 

Sales Manager, in charge of selling. 

Treasurer, Auditor, (^hief Accountant, etc., in charge of general 
record and comparison as a distinct function. 

'Plu* last six are commonly of eipial rank, all subordinate to 
the first, »*xcept as limited size of an enterprise*, or distinctive 
personality of some individual, may cause some one person to 
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exercise supervision Over two more branches. In certain 
industries of tlie continuous i)rocess variety, such as flour milling, 
paper manufacturing, printing and publishing, knit-goods pro¬ 
duction, etc., it is customary to merge control, operation, and 
comparison under the one general siij«‘rintendent with subordi¬ 
nate em])loyees working in the several lines. 

A factor that is frequently of gnvit influence in shaping organi¬ 
zation plans is that of [)ersonali<y. 'I'his is likely to occur when a 
company develoi:>s rroin small beginnings and individuals of 
special strength and ability have happened tr) b(‘come associat.('d 
with the entt'rprise. It is freqiumtly a source of danger, leading 
to an illogical plan and interiering with the training of subor¬ 
dinates to take resi)onsibiliti(‘s. It is an axiom of administration 
that no single individual should become indispensable in an 
organization. Kverv ])lan should bo thought out with care, 
keei)ing this idea in vi(‘W along with the principle of developing 
responsibility in a line of subordinal(‘s. ( 'onsistent policies in 
promotions are ru'cessary adjuncts to the last mention(*d phase. 
Nothing is more detrimental to morale than to have a vacancy 
at the head of one department filh'd by tlie process of extending 
the duti<‘s of the head of some other department so that the 
latter person takes over th(’ work. It is a blow to d(‘partmental 
pride that more than offs(*ts any likc'h* saving in salary, j)r<»vided 
the original plan was well develoj)ed at the start. It. sugg(‘sts 
favoritism and bn'cds suspicion. 

Coordinating Agencies. I’p to this i)oint the discussion has 
been along the line f)f departnumtalizing the enterprise. This 
tends i*(nvard th(‘ attainment of all of tlu' five objects list(‘d at 
the opening of this chapter und(‘r aintH, except tin* first tw’o; 
namely, to systematize' operations and to secure; coeirdination of 
effort. The Iniilding up of de'partme'utal morale is of prime 
impejrtance, ])ut, after all, the Jiiain purpose is to stimulate 
production, and this is a function of the entire e'stablishment. 
The're must be coordination and centralized control. The 
organization j)lan must preevide for this. 

There are varieuis means by wdiieh this general obje'ct is 
attained. In certain tyj>es f)f industrie's, notably in metal manu¬ 
factures in self-contained plaTits, the i)lanning department has 
bectnne a feature. The function of this branch is to analyze 
orders, arrange the sequence of oi)erations with a view' to expedit¬ 
ing w'ork that calls for fixed time of delivery, plan movement 
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of material so that finished. pq,rts arrive dt the proper times at 
the assembly floor, prepare such instructions as may be necessary, 
maintain a follow-up systcmi, ahd perform such other service 
as the spe{;ial nature of the work may demand. It is the nerve 
syst(‘m thro=iigh which tl«' gcmeral inanagenKuit keeps in touch 
with operations. How it ties fiito the organization will lx; seen 
lat(u-. 

The group confercuice of divisional h(‘ads is anoth(*r measure for 
coordination. In the main its aim is to determin(‘ j)olicies, but 
it may go farther into d('tails on many points having to do with 
types {)f product (design) and i)has(*s of oi)eration. The con¬ 
ference' must not be left to chanc.e or to the whims and personal' 
convenience of th(' (*xecutiv(! h(*ad. Its dutu's and functions are* 
matters to be d(*fin(‘d ch’ai'ly, as also the tim(*s of me'et-ing. If 
systematic procedure is expected in the jdant it must be (‘fT(‘ctiv(' 
in the office*. 

From the* e‘e)nfe*re'ne*e* e)f e'xe'e'utive*s it is but a ste'f) to the* shof) 
e'enmnitte'e*. Tlie-re' are many (pu'stiems that are mutual and 
vital te) the* inte'rests of eanplene*!', e'm})le)ve'e's, and to the success 
e»f the* e*nte*rpiise*. 'Fhe* mutuality e)f inte're*.sts calls for coopera¬ 
tive e*e>ntre)]. cemsisting e)f a ge'iiuine sharing of the i)e)wers e)f 
manage*me*ut. This is neet grante'd through the* be*netice*nce of 
the* e*mple)ye'r, but is a means fen* maintaining a sue*ce*.ssful business. 
Naturally, all phases of p(*r.sonne‘l aelministration cenne within 
the* sceepe* e)f this committe*e*’s dutie*s, anel this ce)ve*rs many of 
the me)st vital matte*rs teaiching the* we'lfare* of the* plant. There 
IS ne» feum e)f inelustry to whie*h it may ne)t be applie*d with bene- 
fie*ial re'sults, pie>vide'd there is the re*al eU'sire te) estal^lish a 
ce)bpe'rative basis. The* fe)rms taken and the* e]ue*stions coming 
befe)re it differ gre*atly, of ce)urse, among the* many tyj)e*s e)f 
plants, but there is ne) inelustrial e*nte*rprise' in the* world that 
ele)e*s not have* its j)roble*ms lu the* aeljustment of working coneli- 
tie)ns, sele*ctie)n and training e)f empleiyees, social and personal 
welfare, whe*ther rece)gnize*il e)r not, anel the all-impe)rtant matter 
e)f compensation of labeir. All sue*h are* within the range of 
actie)n of some group in whie*h be)th i)artie's are repre'senteel in a 
fr(*e anel e)pe*n manne*r, and whie*h ine*ets on a regularly e’stablished 
basis. Its fineliugs, while* not necessarily final, must have a 
definite* status assigned in the sche*me' eef ce)ntre)l. This must be 
on a dignified anel significant plane, so that serious consieleration 
of matters may be assured. Men develop the* practiee* e)f s(*rie)us 
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thought as occasion '.nakcs its cjoiriaiul. There must be some 
authority vested in this group, else its meetings are farcical, 
and with authority there must go responsibility. These two 
functions can never be separated. 

Divisional Organization. —In ^ certain classes of enterprises 
where operations extend over large geographical areas, the ne(*d 
for coordination and centralized control has developed a form of 
s(‘condaiy organization which makes (*ach geographical division 
more of a unit than would otherwise obtain. The best illustra¬ 
tion of this in private industry is the railn)ad. , In each territ orial 
division there are employees from each of the main departments 
of the central organization, notably trainmen, yardincMi, main- 
tenance-of-way nun, dispatchers, and engine' anel re)undhouse* 
men. l']ach of these' groups must operate according to plans 
anel methods establisheel at the head e)ffict's of the'ir respective' 
ele'partmcnts. I’nde'r the' i)lan that has charae*t.e'rized railre)ael 
aelministration from the earlie'r days, now calleel the* “elepart- 
mental” plan, the division supe'rinte*nelcnt e'xereases C'ontrol 
e)ver only those* gremps engage'el elire'ctly in the oj)e'ratieni of trains, 
name'ly, trainmen, yarehne'ii, anel elispatche*rs. lie can se*cure 
e'obperation authoritative'ly with the* othe'r gre)ups enily by refer¬ 
ring back to his main elepart inent heael,wlie)ce)nfers with the*heaels 
of the other eU'partme'nts feu the* issuance of instructions ele)wn 
theise f)the'r lines e)f e;e)ntre)l to their men in the* eli\isie)n. 

Of course the une)fficial cobi)eration that men weuking side by 
siele in the division naturally aelojU e'uabU's the supt'rintende'nt, 
elivision engineer, anel master mee*hanic te) operate hannonie)Usly, 
and lossens the ine'-onvenience e)f remote* e*e>ntrol along paralle'l 
lines, but enough e)f difficulty has been e*ne*e)unt('r('el te) leael senne 
roads to adopt what is called the “divi.sional” form e)f eirganiza- 
tion. By this plan the entire elivisie)nal fore-e* is i)laerf‘el uneler the 
e)perating orelers e)f the suj)erintendent, the* se‘[)arate groups 
looking to their departmental chiefs only for general instmentions 
as to methe)els anel stanelarels peculiar to their own lines of work. 
(For full discussion of this plan se'e* Me)rris’ “Railroad Adminis¬ 
tration.”; A similar plan has be*e'n ado[)te*d by i)etrejl(uim 
producing ce)mpanies whose* operations extend ove'r large areas. 

Military Organization. —This discussie)n would not be complete 
without reference to moelern'military organization for armies on a 
field basis. Many writers o?i industrial organization have 
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referred to certain types as beii^g “ military ” in form, but in so 
doing they kave in mind an ancient form, rigid and inflexible in 
character, and entirely unrepresentative of actual conditions in 
the military service today. 

In modern army organization, the operating basic unit is the 
division, within which are various t 3 ’'pes of subordinate units, 
each trained for a special service. P^or the direct purposes of 
control in operations, all arc un<ier the immediate orders of the 
division coinmaiuit'r; but for certain standards, such as training 
for specializetl work, and in the develoiirnent of equipment, each 
sp<icial service unit looks to its chief of servicre at general head- 
(juarters for direction and support. It is a logical plan, similar 
to the divisional plan in railroad adniinisti'ati(jn mentioned in the 
preceding section, and is (‘ntirely consistent, with the best thought 
in industrial organization. 

Organization Charts.— In considering fofnis of working 
(trganizations, distinction should be made between line and staff 
types. The first is referred to by many writers as lading of 
military form, as noted in the precetling paragraph, although the 
reference to the army plan presiipposes a form now obsolete. 
The distinguishing characteristic is a direct line of resi)on.sibility 
from the ac*tiv<* manager ilown through the several grades of 
superintendent, assistant superintendent in charge of operating 
branches, foreiinui in charge of sections of the plant devol,ed to 
special lines of work, and gang bosses. Alongside the superin¬ 
tendent in charge of operation are the various heads of design¬ 
ing, purchasing, sales, and accounting divisions. The line of 
authorit 3 ' is distinct, the principal difficulty encountered iMider 
modern nudhods arising from the fact that each intermediate 
member in the chain of officers is compelletl to exercise the several 
functi(ms of control, setting the conditions of labor, determining 
standard practice, and ilirecting the general conduct of affairs 
within his sphere of influence. In other words, each officer is 
called upon to ext'rcise ailministrative and legislative functions 
at the sarn(‘ time. The benefits of specialization are not realized. 
It is reasonably well suited to those comlitions of production 
that may be <lescribed under the name of construction rather 
than of manufacturing. 

The staff tA'pc has as it s distinguishing characteristic the recog¬ 
nition of specialists who are assigned to the task of setting the 
conditions under which work should be performed. It is some- 
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times referred to as' “fimctiom^/organization, where the term 
implies the exercise of distinct authority over methods employed 
in the performance of definite portions of the work. It is com- 


FcjENFRAL MANA6EHn 



Kio. 11.—Lino type of ur('riniz.'ition. 
(btNERAL MANAGER 1 


TECHNICAL 

bPECIALIGT 


SUPtHlNTENDENT 
OF PRODUCTION 

' Aa" s-‘ 


TECHNICAL 
spec; ALT.T 




FOREMAN 


FOREMAN 


FOREMAN 


ORfMAN 


I Adminisfration 


WORKMAN 

I ' ~ 

WORKMAN 


WORKMAN 


WORKMAN 


WORKMAN 


WORKMAN 


u;CrF'TA'N CA'FO 
TECHNICAL C^ECiALLCTf. 
WILL DEAL D'PLCTLY WITH 
INDA'ID'JkL WOP/ERo 


I'ni 12.—Staff or fuiielional type of f>rKanization. 


monly represented on the chart hy the planning department, 
which is composed of persons who are specialists in their several 
divisions. This general plan is applicable, in the main, to concerns 
where true manufacturing under the conditions of standard- 









































ORGANIZATION AND MANAGEMENT 


231 


ization and mass production, a^e being reitlized. The seeming 
criticism coming from the exercise of control by several different 
directing heads over workers is less significant than at first appears, 
when the system is properly d(‘,v(^loped. A combination of line 
and staff type* constitutes a*third classifi(!ation and possesses most 
of the advantages of both of th^ pure systems. It retains in all 
essential n^spects the advantages that come from the specialization 
made possible under the staff system. 

The accompanying diagrams illustrate the first two typers in 
conventional form. Following these are other charts which 
show actual practice in (‘xisting organizations and bring out the 
f(‘at ures oftlu' combined liiu* and staff type. 

Ib'ferring again to the classification of industries outlined in a 
preceding section, it is to be noted that, the four dominating 
agencies are raw materials, ecpiipment, process, and labor. The 
illustrations which follow, and which are taktui from actual 
operating ]ilan1.s, lire chosed to repre.'.icnt these four groups. 
'J’hey are as follows: 

1. Woolen manufactures to the yarn stage only, wherein stand¬ 
ardized methods are (Muiiloyed, n'jin'senting the case where the 
(}uality of mati'rial fixes character of product. 

2. Shoe manufacturing, wherein ecjuijmuuit (h'termines tjqjcs, 
style's, (*tc., labor in this industry being to a large (h'gree devoted 
to machine operation. 

3. Oil refining, wlu'rein ])roccss control is the adajitable factor, 
equipment be'ing operated under the limitations imiiosed by 
process (h’luands. 

4. Two typical metal goods manufacturing plants turning: out 
standardized products. 

The ae'companying diagrams present these main features of 
organization. Some study is lu'ce'ssary to detect the ditferences 
in em[)hasis on the four elements, esp<‘cially among fh(‘ last three. 
In fact, the differc'nces may not be observable except as one goes 
beyond what is spc'cified in the diagrams and notes the differing 
relationships of worker to equipriKUit and product. 

In woolen spinning the main jiroblem is to keep the material 
moving to, through, and away from the standardized machines. 
At one point only does the worker influence the character of prod¬ 
uct materially, and this is in the process of mixing the wool. In 
this step there is no machine at all, other than for transportation. 
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In both (1) and (2‘) the machines dominate the workers. The 
chief difference between them is that in No. 2 the material is cut 
and adapted to the machine and different materials may be 
worked, while spinning machines are adapted to the wool. 
Numb(;r 2 calls for a more complex btisincss organisation because 
of the multiplicity of forms of* product as well as of kinds of 
material employed, ('ost accounting and production records 
call especially for att(*ntion, tin' distribution of expense being 
much more complicated. In this respect Nos. 3 and 4 correspond 
to t he second. 
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I'jG. 1.3.— -Organization of a 'woolon mill. 


In the industries represented by oil refining and metal manu¬ 
factures the workers dominate equipment. They differ from 
each other in the fact that in No. 3 the workers manipulate tlu' 
apparatus in accordance with the instructions of technicians who 
control the process, or who detect the chemical reactions vital in 
the process, while in the last group the personal skill of th(‘ 
workers is the basic element on which the production manager 
depends for results. In the chemical industries, therefore, tin; 
technical superintendent, himself a chemist, occupies a leading 
position. But in general manufactures, be it in leather, metal, 
or w'ood, it develops that business and executive abilities com¬ 
bined with knowledge of the product are the factors which are 
mo.st prominent in the control of operations. In the last grouj), 
therefore, we sec the planning department as the systematizing 
agent in its most complete development. 

f 

Organization Axioms. —In the light of the hiregoing discussion 
one may now inquire as to how the organization of an enterprise 
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shall be determined. The exact/steps by which he shall proceed 
while the enterprise is in the formative staple are‘not always 
clear to see. Tlu' [)Osition of an administrator who is laying out a 
new j)lan is one in w’hich there is an insistent demand for judg¬ 
ment and a clear juTception of opc'rating needs. We have se('n 
how various types of industri(‘s are organized, but this in itself 
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I-'iij. l.A.—DiKiiiiiz.’itJoii of till- lilanl. Oil Hcfniiiit; < 


does not always furni^h a patt(*rn to which oik' inny safely cut in 
fixing on the details for a ih'W enterprise. 4'iie man who has this 
responsibility must work carefully, studying in detail tlu' p(‘culiar 
needs of the particular business that is his to deal with. Th('r(‘ 
are no a})solut(‘ rules for jnocedure. ('ut-and-dried formulas 
arc impo.s.sible. Every (“iiterprise has its own peculiarities so 
that judgment and a keen busiiK'ss sense are neces.sary. The 
following seven princi{)les or axioms are offered as guiding 
thoughts for anyon(‘ who has this task to perform. 

1. The Molivefi of the Adminitilralum Are Bound to be Bejlected 
in the Organization Plan .—It h.as been said that any company 
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10 -Organization fif a machine tool nianufactnring plant. 
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desiring to establish cooperative relationships with labor can do 
so if the flesire is sincere. The^ personal characteristics of the 
administrative head will be manifested, not alone as to this 
matter of attitude toward labor but in many other ways as well. 
The use of •technical .spc’cialists, the emphasis to be given to 
marketing, policy as to departmental relationships—all arc 
matters which, in their adjustment under the scheme, will 
reveal controlling motives. 

2. PJviphasize fhc Dornimnit PUetneni in Production. —Whether 
it be material, equipment, process, or labor, the plan should be 
so adjusted that the individual who must take the first responsi¬ 
bility for the elenamt in (piesti()n shall be in his proper relative 
j)osition. It may be that several demands will call for similar 
treat irumt., in which case t he purpose will be attained wdien these 
have Ix'cn given recognition on an equal b%sis. One need not 
shrink from giving an expcTt the control ovcm- process, for example, 
('ven though his administrative control is limited to the small 
number of men in his own laboratory. 


3. Authority and Pcspofosibility Must do IJand-in-h(i?id. —This 
is the most fundamental statcir.cnt in the list, but it needs con- 
tiniK’d repetition bc'cause it is continually neglected. Instances 
without niimlx'r may lx* obs(‘rv(‘d where operating officials have 
Ixxm forc(‘d to tak(‘ resj)onsibility without having been granted 
the projx'r authority, and many others in which ambitious persons 
have accpiired a measure of authority inconsistent w’ith the 
responsibilities which thej" are willing or able to assume. 

What, is nt‘C('ssary is that every executive shall have free<lom of 
control in matters of j>rocedure, within the scope of the general 
poliey establislu'd by the central administration. Difficulty is 
frequently encountered in fi.xing the authority of the operating 
department head in relation to the duties of others in charge 
of equipment and plant service. It is not possible to announce 
any one plan applicable to all kiiuls of enterprises, but it is essen¬ 
tial that the question be thought through to a conclusion and a 
definite plan established. It is clear that where there are several 
operating departnumts of equal rank, and efficiency demands 
a service department, the general managenumt must reach 
farther into the organization. 

This touches the heart of organization. In large enterprises 


with varied activitii's, thc'i-e is alw'ays the tcuidt'iicy to build up 
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duplicate organizations. We hate'in mind a large petroleum 
company with operating departments in the distinct branches 
of oil production, natural gas production and distribution, oil 
pipe line transportation, refining, and casing-h(‘ad gasoline extrac¬ 
tion. Each of the five main opera’ting divisions has large 
amounts of construction work to be done, spn'ad over large areas. 
In several, eoiistruetion subdepartnu'iits had l)(‘(‘n developed, 
while a central construction d(‘partnient pi'rfonns the work for 
the others. The question, in such a situation, is wliether the 
placing of all construction under the one s(;rvice departnn'iit. 
would take away from th(‘ heads of tlu‘ main operating depart¬ 
ments so much of control as to interh're with th(' carrying on of 
work essential at. critical tinu's and places. This serves to illus¬ 
trate the care necessary in adjusting degrei's of authority to be 
vested in responsibk' heads of op(*rating divisions. Theory 
might teach concim'rration of similar Avork, like the construction 
work just referred to, iindc'r oiu' serAuee di'partment, but the loss 
coming from failure to articulate* in a single instance* might eiff.set 
the economie's eif conce*ntratie)n. 

Anothe*r case* in point is that of elivisieinal en-ganizatiein eif rail- 
roaels, for the* purpose* of coorelinating serA'ice* on d('taclie*el diAu- 
sions. C’arefully draAAii instrue*tie)ns are ahvays ne*e‘e*ssary unele*r 
the plan of control that carrie*s autheirity tei one* oflie*ial to say 
v'hcn and irhcrc AAork is to be* elone, anel te*chnical cemtred tei 
another eifficial to sua’ hoir it shall be* eie)ne. It is neet an e*asv 


adjustment to be* maele*, but the* manage*!* A\ho is loeiking for e'ase* 
in sue,*h matters AAemld elo be*tte*r in some e)the*r })usiiie*ss. Many 
a situatiiein has becejine* tangle'd lie'cause* the* manager with author¬ 
ity siele-stepped liis re*spe)nsibility feir issuing ele*finite'Iy Aven-keel- 
out instructiems. (Jooel organizatiem may ned me*an an e*asy 
ascent tei e*fficiency le*A'e*ls, but it ele)e*s me*an the* preiAueling eif the* 
nece*ssary elriving pe)we*r to carry the* ente*rprise‘ up the* graele*. 


4. Dititingvish hf'tuurti Prr.sfnnwl ('ontrol and Operating Tech¬ 
nique .—In industries of Class 4 fse*e* page* 231 j. Avhere* labeir pre*- 
dominate*s, methoels of Aveirk may be* ele-signated b3' f)e*rse)ns e)the*r 
than theise holeling aelrninistratiA'e* e*ejntre)l ove*r the* time, pa.A', 
and gen(*ral w'orking e^onelitieins. This is a erase* of elivieleel autlieir- 
il.y, apparently. It sounels like* a bael situation, A\'hie*h it some¬ 
times is. It all elep(*nels upon the fairnerss with A\’hie*h the 
ope'rating plan has be*en eleve*lopeel, as we*ll as upon the wisdom 
and executive capacity ejf the* foremen Avho are involved in the 
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double function. There is* danger that the plan will be but 
partially 'vfforked out, extended far enough to create the difficulty 
but not far (uiough to produce the antidot<‘. 

T). Don't Make Places for Men .— The* evils resulting from plac¬ 
ing favoi'cd persons in respons^jle positions ar(‘ so obvious as to 


need no comment. A corollary almost (hiserving separate men¬ 
tion is, “AVhen a place exists don’t hesitat(‘ to put a man in it.” 
(Jiving one man two jobs may possibly mean an economy for a 
time, hut. if. is not likely that a succ(‘s,sor is develo[)ing who can 
assurjie th(‘ double, duty, and it tends to make thf‘ first man indis¬ 
pensable^ A second obj<‘etion is that it is bad for morale in the 
departmerjt. Th(‘ road of advancement to the headship is 
blocked in at least. tuH' of the depart nauits. 

(). Make All Onjanizalian Assignnicnls Definite .—Kvery i)lan 
should be built upon n carefully studied outline of op<‘rating 
proe(‘dure. Drawing a liiu' diagram does not complete an organ¬ 
ization, although it is a help. Fully d(‘tail<‘d instructions as to 
the opc'rating plan and the ]jart takfui by each oflicial, with 
limitations clearly designat(*{l, an' necessary. In certain t.VfX's 
of organizat ions, where it might be obligatoi-y to enter into enter¬ 
prises where mistakes wovild be disastrous, the study of processes, 
and even rehearsals, are essential phases of th(' j)lan, in ord('r to 
mak(' sure of harmonious cotiperation. This lesson was learned 
in preparing foi- military operations during the late war, and there 
is something in it that is woithy of the thought of iiK'ii concerned 
with important industrial enterprises. 


7. Be Fair. — TIk' trend of mod('rn times is toward a relation¬ 
ship in iiuiusiry that recognizes th<‘ jxirtnership basis as the 
basis promising the most secun' and permanent success. On 
this subject, a volume should lie written. It calls for organized 
methods ftir bringing together the representatives of both capital 
and labor for frank and free discussions of (jue.stioiis at issue. 
Beyond this tlu'n' may be such provisions for joint action as 
policy and controlling motives may dictate. Labor is past the 
stage wIk'H' it can Ix' fooled, and the policy of writing into the 
organization jdan a frank and full statement of methods to be 
followed in the .‘idjustment t)f industrial relations is the only 
method that will stand the test of time. No particular scheme 
is advocated here, but the more arlritrary, but fully understood, 
practice of the past is Ix'ttc'r than any makeshift nu'thod patterned 
imperfectly after the more mod('i-n pi-actice. 
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ORGANIZATION AND MANAGEMENT 

B -OpEiiATiNG Methods 

In the preceding: chapter the framework of organization lias 
been dealt with from the standpoint of the general executive 
concerned with the creation of a staff that may function under 
defined limits of authority and responsibility. There remains 
the task of developing a plan of operation, under which the many 
functions of administration may be jierformed. 

In the actual process of oi’ganizing an indust-ry, tlie analysis of 
these operating functions, here assigned to second place in 
discussion, must be carried out first. One needs to decide just 
how orders are to be transmitted, who is responsible for originat¬ 
ing plans, which of the several department heads must unite in 
action in carrying out those plans, in what ways line and st,atT 
officials are to unite in the control of operations, how workers 
are to be selected and trained and their welfare attended to, 
and how the various steps in control of materials, equipment, 
and product are to be directed, before he can construct the 
organyiation chart. It is apparent that the stereotyped form of 
chart, of the kind shown in the preceding chajiter, does not show 
actual ways of doing business. The lines which connect the 
figures representing officials in the organization ar(‘ lines of 
authority, not of actual functioning. They appijar to indicate 
paths of action up and down the several divisions, as though it 
were impossible to cut across for purposes of comparison and 
coordination It is not possible, on such charts, to show the cross 
lines of contact that are essential to eff(‘ctive functioning. The 
actual duties of the directing heads of groups and departments 
are not indicated at all. 

However simple the question at issue may be, persons in 
different parts of the plant arc concerned with it. It may be a 
bit of steel to replace a worn part on a repair job. The workman 
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on the job asks his foremanrf<Jr an order on the stock room. In 
supplying* the material there w^ll arise questions of quality for 
the designer; questions of purchase if special quality is demanded; 
stockroom records; methods of work in machining the article and 
giving it th^necessary heat treatment; timekeeper’s records; cost 
accounting; inspecting, and final assembly. It must be decided 
who is the one to originate the order—w'hether the machinist 
actually on the job, whose time will be diverted from his task 
while questions of kind and supply are being settled, or a clerk 
from the order of work office, or a member of the designing staff; 
what route the order for material shall follow; who shall inspect- 
the w'orlv, and when; who shall select the tools to be used; by 
whom the records shall 1 )e kept. ()r it may be t he development of 
a new class of product- - a new style of shoe, a brand of paper, an 
improvement in an automobile motor, a new type of steam tur- 
hine. The suggestion for improvement inay come from the 
salesman on the road, from a workman in the shop who has seen a 
chance for better construction, from a designer or chemist, or 
from the chief executive himself. Who shall develop the idea; 
what department heads should be in conference; how extended 
shall be the experimentation; how shall the development costs be 
distributed; how authoritative may be the decisions from con¬ 
ference of designer and purchasing agent on available materials 
and market prices? Every significant step in the process work 
calls for the exercise of some sort of action 1 ) 5 ' an individual in the 
organization, which action bears upon some other individual in 
the exercise of his duties. Smooth running of the producing 
machine demands that such contacts be provided for. ' To do 
this is to la 5 ' out the plan of management, for which the organiza¬ 
tion is t o be adapted. 

In addition to tliese matters of operating technique are other 
phases of administration. The successful handling of personnel 
calls for definite planning. Policies for hiring, assignment to the 
various classes of work, training, maintenance of personal records, 
liealth and sanitation matters, social and living conditions, must 
be established. A plan of wage adjustment is to be determined 
upon and provision made in the organization for carrying it out 
consistently, iconic of these questions have been considered in a 
general wa 5 ' in the preceding chapter, but now the actual 
operating program is to be settled upon. 
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MANAGEMENT FU-NDAMENTALS 

Modern management methods are a natural outgrowth of the 
general advance in industry which has taken place since the advent 
of the steam engine and the power spinning frame and loom. 
Those early developments marked the beginning of a type 
of transference of emi)hasis frt)m human energy and skill to labor- 
saving equipment, which has advanced steadily through many 
stages. I'he habit of studying the possibilities oi advancement 
in method became fixed. At first the planning of improvements 
was confined largely to mechanical elements. From there the 
work passe<l gradually into the finer stages of apparatus perfected 
to secure effective adjiLstinent of process to i)roduct,and finally to 
the task of coordinating the <‘ntire mechanism of production 
through the control of all the factors. The p(*rsonal .skill of 
workers in handicraft has been transferreil to manipulative 
dexterity, while the range of management has <‘xt(‘Tided to (!Over 
the human problem of coordination. This nicjins that those 
exercising executive control have appli(‘d designing skill in adapt¬ 
ing the movement of material and attendant labor to refiiu'd 
equipment, so as to secure cfliciency of the higher and more 
comph'te sort. It has d('mand(‘d consistent jilanning bas(‘d on a 
study of all of the factors, material and human, which affect 
economic firoduction. 

The outcome has l)e(*n the throwing of ri'sjionsibility on tiiat 
part of the managing staff that has to do with the details of 
operation. A ri'alization of this fact came when it was demon¬ 
strated that car(‘ful planning of work sch(*dules and scientifically 
condurted studies of methods of doing work yield(‘d notaVile 
results in increasing production and reducing (^osts. It was 
heralded as a new departure', when in iH'ality it was only a 
developing phase of modern industry, which had bei'ii advancing 
•steadily through the tiarisfcrcmce of skill of work(‘rs to succe.ssiv(‘ 
agencies in the producing mechanism. liather than apply any 
coined phrase like “scientific management,” it is better to recog¬ 
nize in it the application to managc'ment of the same (constructive 
•skill which had charactei-ized advancfunent in other lines. 

The primary fundamental in management is, thei-efore, con¬ 
sistent planning according to methods of scientific analysis. 
This means that every factor is to be taken into account. In 
the words of the report of the Committee on Administration of 
the American Society of Mechanical Engineers, presented in 1912, 
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“The promincmt clement in present-day industrial management 
is the mental attitude that consciously applies the transference 
of skill to all the activities of industry.” 

In the same report this committee goes on to say; “The 
regulative principle of nmnagement along scientific lines includes 
four important elements: 

a. Planning of the processes and operations in detail by a 
sin'cial d(‘partment organized for that purpose. 

h. Functional organization by which each man superintending 
th(^ workmen is resi)onsibl(‘ for a single line of (‘ffort. This is 
distinctl^v opjjose*! to the older tyj)e f)f organization where every 
man in the iiianagenauit is given a combination of executive, 
legislative, and judicial functions. 

c. Training th(^ worker so as to require him to d^each jol) in 
what has Ix'tui found to be the best iiK'thod of operation. 

d. Equable payment of the workers, based on quantity and 
(piality of outjiut of each iialividual. This involves scientific 
analysis of (‘ach op<‘iation to determine the proper time that 
should be lecpiired for its accomplishment and also high payment 
for the workc'r who attains the standard.” 


A carefully prejaired article' appearing at about the same time 
carri<‘s a somewhat mo7”(‘ t(‘rs(‘ statenamt. of the principles of 
manag(‘ment, as being; 


1. The systematic us(‘ of experience, the instrument of which 
IS comparison. 

2. The economic control of effort, which is expt'riimee in fiction. 

3. The pioniotion of personal effectiven(‘ss, th(‘ conditions of 
which ar(‘: 


Th(; individual worker must fe(‘l leadi'rship. 

lie must have adeijuate encouragement and r(‘ward. 

He must be i)hysically fit. 

He must work under good physical surroundings. 

He must ri'ceivc a definite allotment of responsibility. 


Thes(‘ two stateiiK'nts unite in emphasizing two distinctive 
points. One pertains to organization type, to the effect that 
provision should be made for functionalizing exi'cutive control to 


* Jiy Chttrch iiikI .\lfoud, in American Machinist, May 30, 1912. 
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secure the advantages of standardization and specialization; 
also to provide for systematic planning of operating methods. 
The ot her is a matter of motive and policy in attending to human 
needs in accordance with the mandates of justice. 

In the years which have intervened since the attention of 


industrial executives was turned’'toward advanced methods of 


management, various doctrines have run tlieir courses. In 
this, as in other phases of human endeavor, tlu* doctrinaire has 
come forward with his theories and then given way to a mon' 
sane standard. The advocate of system pinned his faith to 
numerous accounting and regulative scIk'Iik's wherein mut.i- 
colored cards and forms held conspicuous place. To* such, it 
appeared that with a sufficient number of counts and ch(‘cks the 
industry would run smoothly with the current. They overlooked 
the rocks lying just below the surface. Following those, then' 
arose the advocates of an inde])end(‘nt ])(*rsorinel dej)artnient. 
who saw in a specializ(‘d treatnu'iit of the work{‘i' tlu* solution of 
human ills in industry. But in a rather notable al)andonment. 


of the j)ersonnel department in rec(>nt years it has se('m(*d that 
opinion has come to view, with a considerable nu'asure of suspi¬ 
cion, the uncoordinated activities of a grouj) of specialists whose 
interests are other than the inoduclng power of the i)lant. This 
does not argue that the interests of workers are lu'ld in less esteem, 
but rather that probh'iiis of personnel are a j)art of management 
not to be separated too widc'ly from tlu* (‘xecutive control of 
production. 

The difficult 3 ’ with these si)ecifics in the hands of their devotees 
is that tht'y are substitutes for true hunian Uaidership. Heal 
advance in the art of management cojnes from an a<ljustm(‘nt of 
the mental attitude of industrial executives toward the combina¬ 


tion of material and human factors in production, ratlu'r than 
from the addition of new agencies. This attitude has b(!en 
developed in many places, and properly coordinated methods of 
dealing with personnel problems retain their standing. As one 
prominent industrialist^ has recentlj- said; " It maj' be mentioned 
in this connection that the results accomplished through the work 
of our employment, medical, and safety departments have; Ixicn 
most gratif^dng through reduction of labor turnover and the con¬ 
servation of health and human life among the employees, and 


^ Eugene G. Gkace, President of licflilcdicin Sf^e! ('ompany, in Personnel, 
May-June issue, 1921. 
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we aim constantly to go forward in this work to the end that our 
plants may* furnish safe, healthful, and amicable employment.” 

Another^ says: “We have found that it pays, and pays well, in 
mutual satisfaction and production, to give as much and as close 
attention to Ific human as to the material side of industry.” 

Alongside of scientific planning there is now placed leadership, 
the two standing as the primary fundamentals in management. 

This statement of principles and policies forms the groundwork 
for an analysis of the detaikid steps to be followed in organizing 
an enterprise for successful operation. Absolute rules cannot 
be laid down to fit all the varying natures of undertakings in 
the industrial field, but the more outstanding may be outlined. 
In part, the analysis may siTve as a basis for setting up correct 
combinations of administrative units in a formal organization 
scheme, but more particularly it will deal with the functioning 
of members of the management staff whose posftions arc the wcll- 
recogniz(‘(l ones in standard organizations. 

MANAGEMENT UNITS 

The Manager.—The man e.xercising active control over the 
organization is the center of a group whose duties extend far 
itilo the jdaiit. His relations with those who share the responsi- 
bilitie.s of control over men, material, and process, form an index 
of the plan of operation of subordinate groups. Three classes of 
functions arc performed by the manager. Through relations 
wiih the ofiicers and board of directors of the company, he deals 
*vith matters of gcmeral policy. He may be an official in •that 
group, or he may be an employed executive. It is unnecessary 
to enlarge upon the questions decided here, pertaining to general 
finance, policy on market extensions, expansion of business, etc., 
other than to call attention to the division of the field of finance. 
The responsible finance officer, or treasurer, of the company 
functions in this directing group, controlling matters of invest¬ 
ment, credit, and comjiany securities, while matters of operating 
finance having to do with normal receipts and expenditures in 
the conduct of business arc attended to under the executive 
control of the manager. If the same director of finance is in 
charge of both functions it means that he acts in a dual capacity, 

1 Hakoij) iS. McCormick, President of the Interniitional Harvester 
Comparij'. 
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part of the time in the directing grcnip and part of the time under 
the orders of tiie manager. ' 

The second function of the manager is as an executive, in 
which he issues orders to department heads in the operating 
organization. This is the exercise of authority of the line, 
through which the macliinery of ju-oduction is set in motion. 
The heads of the departments const it ut(‘ an official family, 
fre(]uently organized definitely as a committ(‘e to handh* various 
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administrative questions. This does not refer to what is known 
technically as the “shoj) committee” i)lan, hut iiK'rely to conf(*r- 
ence groups of executive's. 

The third jihase of the manager's connections has to do with 
technical matters of procedure, design of product, specialized 
practices, legal guidance, and the like. It represc'nts staff 
organization. Functional sjjecialists are engagi'd, as occasion 
demands or on permanent basis according as the continuity of 
service may dictate. Lines freeiuently represented are statistical 
specialists, designing engineers, chemical si)ecialists, scientists in 
such lines as geology, production experts, and l(^gal counsel. 
Representative companies differ as fo where these staff officers 
connect with the organization scheme. In some they are on the 
same level of authority with the heads of operating <l('partments, 
and in others they are shown with a superior relation to the 
general manager. The designing engineer and the chemical 
superintendent in charge of process have, of necessity, relations 







ORGANIZATION AND MANAGEMENT 


247 


in routine procedure with thfe Operating department, and at the 
same time a special relation to thp manager on distinctive ques¬ 
tions as to types of product. 

The Operations Unit.—This covers the activities of the several 
groups of workers engaged on dtho actual work of production. 
All staff or functional service departments have purposes tribu¬ 
tary to this, since here the real work for which the company 
<!xists is gt>ing on. A better term for it might be the production 
dc'partment, were it not that this name has, through custom, 
become associated with the functional planning and process 
st udy woyk which is subordinate to operations. 

The head ol the unit is the plant, superintendent (sonictimos 
bearing some other .title) who has direct, line authority over the 
heads of the several ojierating branches. Under earlier line 
type organizations he, with his assistants, performed many of the 
functions which have since been delegated to in^eiiendent depart¬ 
ments. He attend(*d t o matters of labor, hiring his men, training 
them, setting their wage rates; di'termined methods of doing the 
work, wlKM-t'in the workers themselves in the skilled branches 
took much of the initiative; select.ed and repaired tools and 
jirotlucing eipiipment, again in conjunction with the skilled 
vvorkt'rs who took care of their own machines; and distributed 
material, usually under a system where foremen of working 
groups reipiisitioned directly on the stockroom, and little organ¬ 
ized attention was given to checking use or waste of the stock. 
Ill many of the smaller shops today this condition prevails wdth 
gootl results. The trouble with this system is that superinten¬ 
dent and foremen are required to perform so many* and 
diverse functions that it becomes impossible in the more complex 
operal ions. 

In the evolution of management, the assistant superintendents 
were assigned specialized duties along functional lines, and finally 
became responsibh' heads of separated departments, responsible 
to the manag(‘r on direct lines of authority but still on a 
codiM'rat.ive basis with the op(‘rating line forces under the superin¬ 
tendent. 'I'liere are, therefore, many cross lines of functional 
activity lu'tween groups and inclividuals in the operations 
department, and the clerks and specialist process men in the 
])lanning dej)art.ment, employment department, stock and tool 
rooms, service department in matters of maintenance of produc¬ 
ing ecpiipment, and materials handling force. The planning 
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department has charge of so many tsf these activities which have 
been brought to a functional basis that it is often carried under 
the control of the superintendent. In fact it is sometimes pro¬ 
vided that the superintendent transmit his orders through the 
planning-room agents, in which case the planning department is 
given a more complete organization. It occupies so important a 
place that it will be discussed separately as a management unit. 

Further comment is necessary respecting control of the tool 
room in metal manufacturing plants. In the last paragraph the 
reference to placing the stock and tool rooms under independent 
control might be misinterpreted. 

Production of machinery products must be thought of under 
two distinct classifications. They are sometimes referred to as 
building and inamifacturing. The distinction is that the first 
does not employ mass production methods while the second does. 
In the first, while product may or may not be standardized, pro¬ 
duction methods are not, unless it be in certain of the smaller 
parts. Engine building falls in this class. In the second, both 
product and methods are standardized, and equipment controls 
the routine operations of workers in major part. The manu¬ 
facture of typewriters, automobiles, drop-forged tools, and many 
other specialized products falls in this class. 

The proper place for the tool room in the first of these two 
classes is in a subdepartment under the plant superintendent. 
This subdepartment may bo highly organiz(‘d if conditions 
warrant it, with a shop engineer of the planning department 
responsible for the designing of tools for special work, and with a 
systfe.rn in operation whereby tools for different jobs arc made up 
in lots and delivered at the workmen’s machines coincidcntly 
with the arrival of material, so that neither workmen nor opera¬ 
tions foreman has the authority of selection, but still it is proper 
that the superintendent should have administrative control of 
the tool room activities. But in the second class of plant it is 
frequently advantageous to have a producing machine-service 
department with specialists who set up and adjust dies, cutters, 
and the like, for successive operations, and have independent 
control of all forms of tools. This plan is shown on the chart 
for a typewriter concern in the preceding chapter. 

The control of materials brings complications in the assignment 
of limits in authority. There are three steps involved—namely, 
purchasing, storing and issuing the raw stock, and storage of 
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finished parts preliminary to assembly. The last is of signifi¬ 
cance in the manufacturing of standardized products by mass 
production methods. By common consent the purchasing agent 
is in the first line of officials reporting to the general manager, 
but where hll? control of tlie material stoi)s is not so well settled 
in practice. The storeke('per in charge of raw materials stands 
in a joint relationship t o the operations head and to the purchasing 
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I’Ki. 19.—Stock room record 


agent. Wh(!r(* tlicn* is active control of materials issue and 
follow-up, as also of r(‘cords, through the planning department 
under operations, the relationship with that department is 
stronger than with the purchasing department. ITnder other 
conditions it may be mon; logical to hold stores with jiurchasing. 
Another test is on the matter of originating purchase requisitions. 
If rcipiirenK'nls vary under sp(!cifications i)r(‘j)ared by the design 
department for non-standardized product, storekeeper’s requisi¬ 
tions should pass through the operat ions depart m(*nt for approval, 
Init on standard production basis the storekeeper may requisition 
directly on purchasing agent, to maintain stocks at priMleterwiined 
quantities, (’ontrol of stockroom must be established in 
a(!Cordanee with these conditions. 

The finished parts storeroom must be under the control of the 
opeiations department, but should be organized separately from 
any of the operations subdepartments. The storekeeper requisi¬ 
tions the api)ropriate manufacturing divisions tor parts as 
rcquir<*d to mainlain the authorized number in stock. In smaller 
(establishments where the raw materials stores are under opera¬ 
tions organization, both stockrooms may be under the same head. 

The insp(*ction service should be a separately organized sub- 
department under eitlu'r operations or production-control depart¬ 
ment. It includes process inspection of parts, final inspection, 
and tests of product.. Koutine testing of materials may be 
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included. IJjider the three-line fferm of organization shown below, 
the inspection division belongs in the second line, repdrting to the 
general superint endent. Under the two-line form it should be in 
line with the subdepartments, reporting to the superintendent, 
excepting in cases where the final test ‘of product assuuu^s imj)or- 
tant ])lace, which then calls for the lu'ad of th(' service to n'port, 

Gen Mar. 


Conference 
Plant and 
Operations 


Conference 
on Product 



to the manager. The inspection s(‘rvicc must be in coojMuative 
touch at all times with each operations sulHh'partment, and with 
raw materials and finished parts stockrooms. It will also have 
regulative contact with the designing department and with the 
shop engineer for advice on standards. 

There is apparent a certain incongruity arising from })lacing 
service departments such as employment, plant engineering, and 
operating records on a level with finance, purchasing, and sales, 
but it has seemed nec(*ssary to do this in the evolutionary process 
of relieving the superintendent of operations from tlu* excessive 
multiplicity of duties which were his under the siinpl(;r forms (»f 
the past. The situation is relieved, however, by iritroducing an 
intermediate group of departments and forming the three^ine 
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tyi)o. This is shown in thc.sQpond unit cViart below. It gives 
a more logical distribution of control, the only disadvantage being 
that it introduces another general official between the producing 
branches and the general nmnager. Probably the disadvantage is 
more apparewt than real, however, since in the larger enterprises 
tluire can be but little ])(*rson{fl contact ev(‘n with the two-line 



Fici. 21 —OporaOnns unit Uiroo-lirio tyjie. 


type. In eitlu'r case managerial control must be with indirect 
ptnsonal knowlt'dge, dependent, that, is, on service retatrds rather 
than on personal contact. 

In his book on “(Irajthic Production ('ontrol,” t\ 1']. Knoeppel 
shows on page a line and staff diart which illustrates the 
three-line tyjK* chart given above with certain variations. In 
that chart In* place's the ree^eiving and control of all raw' material 
and stores unch'r the planning (h'partment, designated by him 
the jirodiicfion control de'partment. Plant service, designated 
by him as “power and maintenance," is placed directly under 
tne superintendent of operations. The planning or production 
control (h'partment is show'n by him in all cases in posit ion 
parallel to tlu' superintendent of operation, both being in the 
ilirect line of control from the manager of the manufacturing 
division. In his chart Mr. Knoeppel indicates a somewhat 
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unusual arrangement' whereby purchasing and sales are merged. 
His placement, of the duties of primary costing within the plan¬ 
ning or production control department is made on the same basis 
as that proposed by the author, the accounting department having 
to do w'ith the more general features and with tlic permanent 
records on cost. Readers are referred to the detailed develop¬ 
ment of organization given by Mr. Knoeppel in his excellent 
work, which fills a chapter in the volume referred to. 

The last paragraphs bring to the front one element which is 
fundamental in management—namely, personal contact with, or 
knowledge of, the worker by the chief administrator of the enter¬ 
prise. At the present-day stage in industrial development 
there can be but limit(‘d personal knowledge. The only sub¬ 
stitute for this is records, so made and pn'served as to be expres¬ 
sive of the characteristics of the workers, and so graphic, that they 
can be comprehended at a glance by the exc'cutive. This is a 
matter of such importance that it. is discussed s{*f)arat.ely under 
the personnel department, and also under records. 

The Planning Department. -While this is a part of theoperations 
unit and has been indicated already in that connection, it is a 
branch of such great significance that it recpiiresspecial treatment. 
In the more fully developed organizations it is the nerve center 
of the system and the direct means for coiirdination of effort. 
Its chief function is to assist the chief (*xecutive of the operations 
unit in retaining genuine control, in this way serving as a remedy 
for the decentralizing effect that comes from the addition of 
departments as an enterprise grows. It refiresents an overhead 
expeiv>e which the small establishment cannot stand, and is 
justified in larger plants only as it performs a real service in 
promoting production. 

It is not to be thought of as an agency for doing work which 
would not otherwise be done. Every function fierformed in 
the planning department w’ould have to be done by someone 
somewhere in the establishment. Work must move by some 
route, good or bad. Methods of doing work are det(!rmined 
by someone, who cannot be doing other work while he is devising 
the method. The kei^ping of records is accomplished by some 
means, even though they may be but the partially formulated 
sets of facts carried in the head of the superintiuident, who must 
have some basis for determining action as he performs his many 
duties. The time comes sooner or later in the growth of an 
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enterprise when the limit of^ffisctivenoss the overloaded super¬ 
intendent* and foremen is reached and assistants to care for 
specialized duties arc needed. * 

When this time comes, the change need not be a plunge into 
an elaboratfly organized department. The functions are divis¬ 
ible so that one group after {fnother may be provided with an 
inexpensive personnel, until the situation warrants grouping 
them under a responsible specialist. In the following discussion 
a full development is assumed. 

Just what duties shall be performed in the planning department 
will depend somewhat on circumstances and the ideas of the gen¬ 
eral mafiager. If, wIkui a new unit of this kind is being formed, 
some Irranch of the work is being well done in an older operat¬ 
ing division it is likel}'^ to be left there, even if it be of a kind that 
might more logically go to the new gi-oup. The character of 
the product makes a difference. Articles • built on separate 
orders make necessary many special studios and the making up 
of work schedules based on guaranteed delivery dates, which 
may not be involved in the planning for a plant manufacturing 
st.andardized goods in mass quantities to meet a steady market. 
Any list of functions that may be prepared is sure to meet criti¬ 
cism from those whose experience has been along a specialty 
line. All that can be done is to indicate a fairly complete list 
from which any one may eliminat.e items as he may choose. 
Furthermort', it is not neci'ssary to call it a planning department. 
Theie may be pn'judice against the name. A good assistant 
superintendent with a few help(*rs will do as well. The 
important thing is to get the work done. , 

The head of the planning d(‘partment may have the title of 
Pro<hictio7i Manager, Produeikm Engineer, Produeiion. Clerk, or, 
as not(*d in the preceding paragraph, may have a non-distinctive 
term assigned. In a large organization his duties are largely 
directive, but in all cases they include the preparation of records 
and reports to show the conditions of operation in a manner that 
will enable the plant executive to formulate his program. 
Exact information is required on materials, plant equipment as 
to condition and utilization, progress on orders, distribution of 
labor as charged against the several operating and plant divisions, 
total operating expense, and other details which indicate the 
situation. This information must* be kept up to date. The 
department head must be familiar with the work of all his special- 
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ist subordinates, an(i‘in smaller «csitablishments will probably 
perform the routine duties of one or more of them, r He is in 
direct contact with the heads of'purchasing;, plant service, design¬ 
ing;, accounting, and sal(*s departments; with all foremen in the 
operations department; and is accountable to th(‘ su]f-(‘rintendent 
or the head of the manufacturing*division. 

The shop engineer lias a variety of duties in the lines of stand¬ 
ard practice, methods, sidling standard times on work, task 
sidling, designing of tools and jigs. He has much to do with the 
toolroom and may be in charge of it. In'the development of a 
planning deiiartnient he is likely to be the first man on the job 
and may ojierate alone as an assistant to the superintendent while 
the idea of systematic planning is growing in the minds of the 
management. The important work of preparing standard 
instructions for jobs and of training workers is under his 
supervision. ‘ 

ruder the jiroduidion manager and shoji engineer are clerks 
or assistants who handle such matters as; 


Analysis of orders in a plant doing special order work. 

Preparing work schedules to regulate progress on jobs. 

Pouting of work through the shop. 

Supervision of material handling, cheeking waste, and fol¬ 
low-up. 

Time-keeping on men and machines, and pri'iiaring graphic 
records of same. 

Cost analysis and distribution: sometimes including the 
• conifilete task of cost accounting. 

In those functions of tin' jilanning room force pertaining to 
timi' keeping and costs, close relations with the accounts branch 
of the financial depai’trnenf are necessary. Actual co.st-keei)ing 
may be performed in either office, according to circumstances, 
but good liaison service is riecessarv whichever pj actiee is adopt ed. 
Further comment on this point is made in the next chapter 
devoted to costs. 

On the organization chart of the tyj>ewriter manufacturing 
company shown in the preceding chaf)ter, there is an illustration 
of a planning d(*partmerjt having a broad scope* in the, control 
of operations. In addition "to all of the functions listed above 
there is that e)f raw material and finish<*d parts storerooms. 
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This gives to the planning *clfief nearly eoinploto control of the 
manufacturing elements, except^g labor. 

The Financial Department Unit. —The division of the field 
of finance «ind accounting has becni referred to before, when 
discussing 1h(‘ management ufiit. It will be assumed that the 
department is primarily under the control of the ginieral manager, 



T’k; L*L*.— 'I'lic l i!i:ni(i:il unit. 


when* routine trausaetions involving funds must be. The head is 
taktni as the treasurer of the company, who deals jx'rsonally 
with credit and eoniitany investmtnit probltniis, with an isolated 
group of assistants, which fdiase of his duties is not coniidtTed 
in the unit chart shown tibovtn 

There art* two branches of the unit. t>ne has to do with the 


handling of cash and (tf ert'dit accounts; the other with book¬ 
keeping and recoitls. To the latter branch Indongs co.st account¬ 
ing unless that work is pc'rfornual in tlii' planning department as 


already discuss(‘d. 


Frequently an accounting department is 


organiz(‘d separately, when costs are to be handled. 


FiXtended comment is unnecessary. 


The chai t shown above 


is exi)ressiv(‘ of the* usual operating organization. 

The Sales Department Unit. —In the organization of the sales 
department, cognizance must be taken of the various marketing 
methods employed by different companies. Any form suggested 
as representative can apply only to one type of selling program. 
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hence care should be taken not to 'follow it in detail unless condi- 
lions correspond. ^ 

A concern which sells through wholesale houses or commission 
agents does not need much of an organization. A shipping 
department may be more in acconj^ w’ith the requirements. Adver¬ 
tising is of small concern. When sales are made to the retail 
trade a more extensive force of salesmen is necessary, but even 
then the department does not. re(^uirc the most comjilete program. 
Adv'ertising is conducted through special channels appropriate 
to the trade. Such goods as are handled in this way do not 
require technical experts to attend to th('ir adaptation to service 
conditions. It is when sales arc made direct, to consumers, 
with branch sales offices to cover territorial divisions or private 
sales firms holding agencies for exclusive handling of the product 
in those divisions, that the most coin]>l(‘te sales organization is 
called for. This condition is the oik* assumed in the following 
discussion. 

The head of the unit is the sales manager. Prominent in his 
force are 

District sales agents or heads of branch offices. 

Head sales engineer, when special machinery is the ])roduct. 

Advertising manager. 

Shipping clerk. 

Hilling (;lerk. 

The last two named memb(‘rs of tin* comi)any force* are not 
alway;s under the sales riianager. TiK*y are fre(}U(*ntly on the 
staff of the accounting department, when that branch is organized 
seperatelyfrom the central financial dej)artnient. When they arc 
under the sales organization their duties must be closely coordi¬ 
nated with the book keepers in the gen(*ral offices. 

In large machinery companies the s(‘lling force is conqKJsed 
mainly of engineers who combine the functions of sales and 
engineering in the placement of the product. Equipment of 
that kind must be applied prof)erIy to the customer’s service, 
and good engineering judgment is required of the salesman. 
To place a machine where it is not suited to the needs of the 
customer is a worse error than to lose a sale. Sound knowledge 
of the product and ability to interpret specifications and con¬ 
tracts constitute the salesman’s stock in trade, rather than a 
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suave personality and an aptitude for entertainment, which were 
once considered primary requisites. 

The sales manager is responsible for the selling campaign. 
He formulates plans for selling, opening new territories to the 
goods, meeting competitors, ai^d advertising. His reports should 
deal with necessary modifications in design to meet market 
demands, as well as with market changes likely to affect volume 
of busin(*ss. He is an important factor in the progress and pros¬ 
perity of the enterprise. 



Fia. —The sale.'! unit. 


MANAGEMENT METHODS 

It lias been said that management consists of: 

The systematic use of exi>erience. 

The economic control of effort. 

The promotion of personal effectiveness. 

A guiding thought to be observed in the adjustment of the 
systems of control by means of which any executive may function 
successfully, is one expressed by H. L. Gantt, namely, “The 
authority to issue an order involves the responsibility to see that 
it is executed.” Kvery effective plan of action must meet this 
test. 

Another consistent thinker, G. Iv Knoeppcl, has enunciated 
certain “principles of industrial engineering” which are compre¬ 
hended under the suggestive words— investigaium, coordination, 
records, planning, standardization. These five phases of activity, 
directed toward the control of production operations, constitute 
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the active steps through which " th^ s^tstematic use of experience ” 
and “the economic control of eflfprt” may be realized. The third 
portion of managerial contTol, “the promotion of personal effec¬ 
tiveness,” is embodied by implication in these five phases of 
action. 

The basic considerations which lie Iwdiind these several expres¬ 
sions of content and active methods for accomplishment of the 
ideals of management, are essentially the same. Kach statement 
indicates the necessity of establishing stamlards of accomplish¬ 
ment, in doing which the experiences of tlu* past, and systematic 
studies of pres('nt [)ossibilities are drawn u})on. To make 
effective the lessons of the past and the attainments of the present, 
there must be develoiied a system of recording the facts which 
will be effective and cajiable of presenting in vivi<l manner those 
things which the e.\ecutiv(‘ in control must know, and on which he 
may base a constructive program for further jirogress. Sland- 
ards and yncthods have become the keynotes of modern industrial 
activity. With these, as a necessary accompaniment, comes 
the graphical presentntiov of facts, picturing the degn'C of attain¬ 
ment that has becui achieved in the effort to meet standard 
performance. 


Production Orders.—The machinery of production is set in 
motion through the issuing of orders by the executive in charg<‘. 
Previous to their issuance a great deal of preliminary work has 
been done along linf'S of design of product, planning of the selling 
program, and purchasing of mat ('rial. Sah*s orders may specify 
types of jirodiict and date's of completion, or the s('lling plan of 
standardized articles may call for the manufacture of a stated 
quantity of goods to go to tlu' warehouse. Such adaptations 
of production to market have been fix('d by company policy, and 
it is the business of the opc'rations branch to adjust, its activities 
thereto. It is to be assumed that the plant has passed through 
the preliminary stages of building up its business, so that new 
demands upon the production divisions are to be worked into the 
manufacturing program in a manner that will insure the best 
utilization of space, ('(juipment, materials, and working p('rsonn('l. 

The first steps are taken in the planning or production control 
department. The new order for goods must be analyzed and the 
s(;veral operations to be j)ei;formed worked out in detail as to 
space, equipment, and time requirements, unless it. Ix' an item of 
product which has alreadj' been standardized. If the latter 
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condition holds, then the st(^)s*arc simplified. When the require¬ 
ments on‘the producing plant Ijave been determined, the next 
step is to fit the work into the routine of the several branches, so 
that old and new onlers and lots may proceed smoothly, with 
material finding its way to machines and finally to the assembly 
without congestion or vacant periods. When the study is 
completed the schedule of work for the new order is prepared. 

This sch(‘dul(‘ in the making has called for detailed information 
as to time requiri'inents, supply of materials, producing capacities 
of departiiKMits and o’f irulividual machine tools, time recjuired 
in making n(‘w tools and jigs by the tool rof)m force, labor condi¬ 
tions, and i)r(‘s<‘nt demands on working space at bench and 
a.ssembly. It has brought into action s<‘veral bran(dies of the 
])lanning tlepartnauit. The condition assumed is that obtaining 
when production is adjust(‘d according to varying market 
demands. • 


When work is being lai<l out for a ]>lant engag(‘d on a prede- 
tei’iniiK'd })roduction lu'ograiii, the schedule* takes on a elifTt*reiit 
form. I'^or some ilesignated period of time, possibly for an 
e'ntire year or some* fraction thereof, company officials in con¬ 
ference witlj the sale's manage*!- have elecide*el on the exae*t amount 
of e*ae‘h artie'le* to be nianufae*t ui-eel. If this program is to be 
limit<‘ei only ley plant e*aj»acity, then the* planning elepartment is 
calleel into e*e)nfe*renee‘ fen- informatieui as te> what may be* accom- 
plishe'el in the* way eef be‘tte*re*d manufacturing ce)nelitie>ns. If the* 
program is be'leew plant e*apacily, the*n the* stateme*nt of what is 
to be eleine* geees te) the* ele*j)artme*nt, with instructions te) plan a 
sche*me for i-e*elucing the* e)pe*i'ating feerce* sej as te> insure ecemomie* 
proeluction. In either e*ase* the* scheehde* e)f woi-k is laiel emt so as 
te) insure* ele'live*ry of geaeels eef the* se*ve*ral kinels at the* times when 
the*y are* ne*e*ele*d feu- the* traele*. Purchase's e)f material are* then 
planne*ei in acceerel with the* program, anel we>rk feer the seve*ral 
elivisions anel machine's laiel e>ut as alreaelv indie*ate*el. 


Pre)eluction oieh'rs are* issue*el te) the se*ve*ral operations branche*s 
in ae'ceerelance* with the se*he*elule' e)f we)rk. If castings are pur¬ 
chased this means the* e)relering e)f the reepiisite number from the* 
party supplying. Such orele*rs ofte*n pass elire*ct freun the planning 
elepartment without ge>ing thre)ugh the purchasing agent *s office, 
just as though the* separate*ly owneel Jounelry we're a branch of the 
etompany plant. Dispatchers prepare tlu'ir routine oreler forms, 
instructie)!! carels for guielance of workers e)n separate jeibs are 
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prepared, and the control board sci, in order to receive the various 
indicators which show the sequence of events in issuing material 
and recording progi’css in different departments. The accom¬ 
panying illustration shows a form of production order, but space 
docs not permit of a full development of dc'tails of handling these 
orders and department records as carried out with dispatching 
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Fig. 24.—The production order. 


and control boards. Each company has its own sj)ecially 
developed methods for doing this work, and descriptive material 
in published form is available for those who are int(Tested in 
following the subject further. ‘ 

Routing of Work. - Closely related to the preparing of sched¬ 
ules and the production control agenci(*s is routing of work in 
its progress through the plant. This has its beginning in the 
original design of the plant, and was treat(>d in such connection 
in the chapters of Part 1 dealing with design and layout of equip¬ 
ment. It is to be assumed that equipment has been placed so 
as to accommodate the easy flow of material as considcTcd in its 
major phases. 

With the progrciss of work, however, canfful adjustment is 
nece.ssary, especially when product varies. It is not uncommon 
to find that some machine which may be w(*ll placed for economy 
in movermmt of material for one article of output., is badly 
placed with reference to use^in the manufacture of parts of some 

•See Knoeppel’s “Graphic Production Control,’’ Chapter XIX, and 
Ciirnrn’s “Manufacturing Costs and Accounts,’’ McGraw-Hill Book Co. 
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other article. In this respect* the machine tool layout may be 
in a condition of change as experience develops the original 
maladjustments. 

Quite aside from studies directed toward better placement 
of machines? there are routing studies to be made for each pro¬ 
duction order. C'onclusions from such study are involved in the 
preparation of the dispatching program referred to in the pre¬ 
ceding section, and are also used directly in controlling operations 
of the materials handling and follow-up service. (Jrai)hical 
studies of routing are important adjuncts, not only as means for 
making more effective the work itself but also to furni.sh con¬ 
vincing dvi<lence of any troubles or defc‘cts, and as guides to the 
planning of improvements. 

Standards. No single* rule can bo laid down that will apply to 
all forms of industry in this important matter of standards. 
lOach plant has its own peculiar type of work—many different 
types often being current in the same establishment. Varying 
local conditions have much to do with the characteristics and 
capabilities of workers. The mental attitude of employees 
demands consideration, and before carrying through a program 
based on performance ret^ords certain preliminary stej)s may be 
necessary, leading to (juite different conclusions as to m(*thods of 
making a study of jiresent operating possil)ilities. The opinions 
and ideals of administrative officials have much to do with the 
proc(‘ss which the production engineer may employ in the work. 
That there must be a standard for the measurement of perform¬ 
ance is univ(‘rsally agreed, but the methods cmployc'd in arriving 
at that end are many. • 

To sf)me, tin* time stud.v with all its elaboration of detail is the 
ag<*nc.v through which ever.vthing worth while will be accom- 
plish(‘d. To others, this will be of minor importance, employed 
in a more gemual way for a limited number of operations. 
Records of the pa.st have a certain significance, the amount 
d<‘pending ujjon the character of production records of the past, 
but ev<*n when this resource appears in its best light some inde¬ 
pendent studies shouUl be made to determine how nearly past 
achievement measures up to present possibilities. 

When sp(‘aking of standards one must not fall into the error of 
thinking onl.v of standard time on work applied directly on 
product. Many plant executives have been swayed in their 
opinions by preconceived ideas in this respect. They have been 
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able to se(; true aecoiiiplishment >iii<.plaiit economies only as the 
time of direct labor has been reduced. Standards for material, 
for use of tools, equipment, and building si)ac(*, for plant service 
in such matters as power and maintenance, and for the indirect 
service rendered in the offices of the siii)(Mintendento and general 
officials, are of real significance. It is quite* within the range of 
probability that the savings efT(‘cted thiough standardization of 
practice in the many and varies! indirect service ope'rations about 
the plant may have a greater effect- upon the ultimate cost of 
in’oductioTi than will the economies })roduc(‘<! through increased 
effectiveness of direct labor. This m<‘ans that it is not a small or 
a simple task that li(‘s Ix’fore the production (*xp(‘rt who is 
charged with tlu* problem of establishing a b<*tt('rnient iwogram. 

In addition to standuids on the many single proc(*ss steps and 
individual tasks, thei’e must be fixed standards on ccmibiiK'd 


n'sults. Costs of completed articl(*s may be standardiz(‘d to 
furnish a basis of comparison for the actual r(‘sulls secur(‘d in 
operation. The oj)(*iating costs of entile departments may be 
rated on standards set for best condition^. So it is with perform¬ 
ance records of machines, of machine groujis, and of ('iitire ])lants. 
Standards for continuity of production through annual jxTiods 
are imjiortant for comi)ari.'<ons with curn'iit producing rates. 
Sales standards as to (quantity and spread throughout the yi'ar 
have a special signific'ance, especially when soim* of th<‘ articles 
produced arc seasonal in market demand and efforts are being 
made to dev(*lop other articli's which will supplement the* original 
and serve to steady the manufactui'ing scheduli's. 

There is no royal road to the si'tting of standard performance 
when* the human eleim'iit enters into the case. With stop watch 
and pad, or from judgment based on jiast records or experience 
to guide one in making a good guess, decisions must be made* and 
adopted at least as tentative ba.ses for reference, perhaps to be 
changed as time gO(‘s on. Tor simjile time standards the clock 
governs, as in the cases of utilization of machiiK'S or f)f whole 
machine groups when the ideal is continuous operation. I'or 
production rate of the plant as a whole, the standard may be 
fixed by .some dominating element of eipiipment in continuous 
process industries, like flour milling or cement manufacturing. 
For industries in which jirocess and labor govern, the absolute 
standard is a combination result derived when all of the. individ¬ 


ual ek'rnents arc operating at standard rates. Whatever the 
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method and the conditions, one must assume responsibility 

and decide*what is to be used as tjio comparative Tjasis, resting in 
the assurance that comparative (talculations only arc to be made 
and that an error in absolute amount may not have serious results. 

Graphical Records. -Aut.bori^y having been exercised in the 
issuing of orders on production, resi)onsibility follows for seeing 
to it that r(^sults are ol)tained. This is the supreme test of 
management. Tlie executive has depentled upon his planning 
force to arrange work scheduk's, routing plans, and dispatching 
systems; to tlesign tools and methods; to prepare instructions; 
and to dQvise material handling and follow up i>lans. Tnder his 
authority the working instructions have been issued. Now, in 
the analysis o( results, he can only call upon that same directing 
forc(‘ to prov'i<h! him with cfuui^lete information respecting the 
conditions undt'r which work has progress(‘d. The presentation 
f>f that information must lx* in such form tlTat he may detect 
failures to attain tf> standard ]>(*rformanc(‘, and the causes of those 
failures. It is on such basis that steps may be tak(‘n to remedy 
tin* cf)ndilions which have led to inf(*rior results. l'jX])erience has 
■l(‘)uonstrated the us(*fulness of grai>hical records for this purpose. 

The bjisic n'cords to be taken are f)n labor time, both direct 
and in<lir(*c( : stock records, showing amcuints issu(*d and amounts 
spoiled or wasted; machiiK* time; sjiecific causes for lost time of 
both men and machiiK's; and pei'iodic stat(‘m('nts on amount of 
finish(*d product and pi’ogr(*ss on oi‘d('rs in process. Any special 
ct)nditions as to servi<*e de))artm(‘nt operations, unusual n'pairson 
e(]uipm(*nt, and condition of matf'iials supply should also be 
r(“cor(h‘d. Portions of th(‘s( are transmitted in tin* form of 


writt(*n reports t() the executive, but tlu* major ]iart may be 
eomi)iled in grai)hical form for more rc'ady I’eb'rence. 

"^Pwo forms of grap'hical r(*ct)rd will be prc'sentetl. One is tin* 
so-called Z-chart. the i>urpos(‘ of which is to show the trend of 
volume of pi'oduction. It is an index of what is going on in the 
plant, as a whole, and is of inter(‘st not only to the head of the 
manufacturing division but to all h(*ads of d<‘partments and gen¬ 
eral officials. \ similar r(‘conl of sales, or c»f warehouse stocks, 
or both, should be compih'd by repre.sentatives of the depart¬ 
ment having them in charge*, 'riu* other is the (lantt chart, 
which shows p(*rformanc(' in n*lati«jn to time and standards. 
Careful study should be given to both of these imi>ortant types 
of record. 
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The Z-chart is constructed on'a Vsimplc plan and is a notably 
effective means for presentation of the facts of production. The 
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Firj. 25.- -The Z-chart. 


accompanying diagram is prepared to illustrate its main features. 
It consists of a plain sheet of paper, a portion of which is laid 
out in a form of a rectangle divided into 12 spaces to represent 
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the 12 months of the year. * TTie division line at the right-hand 
edge of each space is used as the line on which to lay off upward 
to scale the production quantity pertaining to the preceding 
month. These monthly spa(!es may be subdivided to show the* 
record by w^eks if it is so desirq^. 

Throe sets of quantities are represented. The first is tlie simple 
monthly record of production. It is designated as the cnirrent 
record. The scale figures which apply to the current record are 
those placed close to the hift-hand margin of the diagram. The 
second is the cumulative record, found by adding each month’s 
current p^roduction to the total which has preceded, beginning with 
t he first of the current year. It mounts upward, xintil at the right- 
hand margin of the diagram it shows the tot al annual production. 

The third is designated as the moving annual total, frequently 
referred to by those who are constantly using the chart as the 
M.A.T. or the “mat.” The value is found*at the end of any 
monthly period by taking the total prodxiction of the jireceding 
12 months, adtling tlu'nd.o the current month production and 
deducting the production of the corresponding month of the 
jm^vious year. In other wonl.s. it is the total production of the 
12-monlli period (‘uding with the current month. The cumu¬ 
lative and mat c\irves are laid off on the scale indicated by the 
figures given at the left of those which appl 3 ’’ to the current record. 

Above the diagram tln're are recorded the actual figures for 
the three sets t)f records. To make possible the calculation of the 
moving annual total, there is also given, on this illustration, a 
set of values for the 12 mouths of the year preceding that to which 
the chart applies. In the lower left-hand corner notatioiis are 
madt‘ relative to conditions which maj’ have influenced the 
production rate, or attendant facts which the ext'cutive should 
understand when studying the conditions revealed bj' the chart. 

This chart makes possible a study of actual performance in 
ndatit)!! to standards which have been set for production during 
the year. This is indicated by the light line drawn just above the 
(‘umulative record reaching up to a point A' which represents 
the expected production of the year, 384,000 tons. Wherever 
the cumulative record falls below this line there is evidence of 
failure to attain to the standard. The reasons for deficiencies in 
production rate or notable excesses of jiormal production, are indi¬ 
cated by the reference figures A,B, C, D. This furnishes informa¬ 
tion as to why production has failed to hold to the standards. 
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In the actual use to which the chaTt is put by plant executives, 
the moving annual tonnage record is the one given itiost atten¬ 
tion. It furnishes a running comparison between the rate of 
business being carried on for a standard fis(!al period ending with 
the current, month, with that carried on during tiu^ ju'eceding 
years, (’harts for succe.ssive years are compared and the trend 
in production is readily noted. The mat. curve is manifestly 
one not affected greatly by temporary variations in the produc¬ 
tion rate, and thus is a steadying influence on one’s judgment. 
If, however, it shows a persistent tendency either upward or 
downward there is evidence of a situation t(‘nding definitely 
toward j)rogre.‘<s or deterioration as the (;ase Jiiay be. The chart 
as a whole serves as an indicator to the nianag(‘inent that condi¬ 
tions either are favorable or are in need of investigation. It 
does not reveal the points where action should lx* taken to remedy 
a defect, excepting in very l»road terms. It is tin* function of the 
(lantt chart to give this more sjwcific infoiiuation. 

In the Gantt chart' the basic element is time. As shown in the 
accompanying diagrams llu* horizontal dimen.sion is taken tc) 
rc'present working i)eriods, usually with the day as the unit and 
either one wei'k or two w(M‘ks r(‘pr(‘S(‘nted in tlu' entire width of 
the sheet. Divi.^ions of tinu‘ smalh'r than th(‘ day are taken, 
for greater conveni(‘nc(* in estimating, by dividing the day s])ace 
into four or five parts by the ruling of light vertical lines. .\n 
indicating line drawn horizontally through a jantion of the space 
rc'presenting one day may thus be estimated with a fair d(‘gre(‘ 
of accuracy in terms of the percentage which its hmgth ]>ears to 
the fVill width. 

The purpose to which the chart is i)ut is to show the extend to 
which a man or giouj) of men has produced during a given peniod, 
or the extent to which machines or wlude' groups of machiiu's 
have been employexl in actual producing o])erations. A doubles 
system of lines, drawn horizontally across the sj)ac(‘s, is (“inployed 
ill doing this. One is a light narrow line and th(‘ other a broad 
and heavy line*. X’ariations in the* witlth of lines may lx* employed 
to distinguish the larger group, or an end ire plant, fre)m an 
inelividual maehine- re-enml. 'J’he marginal re'ennel at the* l(*ft 
contains nedations which slieiw ju.st what e-haracter of elata is 

* For u more complete (le.scrjj)lion of the (tiintl chart sec the volume iindetr 
tliat title, by Wallai.k Ci.akk, puhlLshed by the lloiiiild l*rcHH. 
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being represented, but this varying \^idth of the heavy line serves 
as an aid to the ej’e. 

Taking the nuin record chart, shown on the preceding page, as 
an illustration, the light line along the upper portion of the space 
shows that on IMonda}’^, July 11, Q. Smith produced three-quarters 
of the standard amount for the day, the deficiency being caused 
by some trouble in the movement of material to his machine. 
On Tuesday his record shows slightly better, but material trouble 
continued to cause some loss. On Wednesday tool trouble was 
the cause of still greater shortage in production than on eithcM- 
of the preceding days. On Thursday the record shows that he 
performed the exact, amount of work called for, while on I>iday 
he performed somewhat more than the standard amount, the 
excess being indicated by the short portion of line drawn parallel 
to the first. On Saturday tool trouble again prevented his 
reaching st andartl'performance. 

This running record, taken day by day through the week, is 
now consolidated into the lu’avy line drawn just beneath the daily 
record line above rc'ferred to. The heavy line is tlu* cumulative 
record and shows that this man produced during the entire 
weekly period the amount of work that would have been produced, 
if production had gone on at standard rate, in a period of 4.80 
days. By use of the reference letters, A, G, 7, L, M, H, 7’, V, 
and Y, the cause* of failure to reach standard j)erformance is 
explained. The persistent recurrence f)f any one* of these* letters 
on the chart means that attentie)n is needeel to remeely the ce>ndi- 
tion which is making trouble. A thorough stuely of the chart 
in its? varying applications tei men and equipment, reveals its 
great value as a record of e-vents as well as an index to the* sme)oth- 
ness w'ith whie*h the varied operations of the plant arc be*ing 
performeel. 

The machine record chart shows the same facts for the various 
machine tools as docs the man record chart for workers. At the 
top of the chart is a very wide line* showing performance of the 
entire plant. Below are three lines of width next in magnitudes, 
show'ing the records of the se*vcral groups of machines—drill 
presses, boring machines, and milling machines. The lines n"xt 
in width give the cumulative records of individual machines, 
designated by number. The daily record lines are all drawn fine. 

. A set of reference letters is given below the chart, some of them 
differing from those which apply to the man record. A study of 
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the machine chart reveals trouble si»ots where attent ion is needed, 
as with the man chart. 

The third illustration shows a Progress chart in one of its 
many forms. It applies to a plant manufacturing on orders, the 
progr<*ss of each job being indicat (‘d by the heavy horiiontal lines. 
Each order is scheduled for time of starting and finishing, as is 
also each of the operations to be performed. The heavy angle, 
n, opening to the right is plac<‘d at the date wlam materials 
are to be issued. The similar angle opening to th(‘ left, is at. the 
date of finishing, presumably when deliveiy has be(‘n promised. 
The figures above the line indicate the processes, and are placed 
at the date when work on the process is to start as scheduled. 
The large V at the top of the chart indicates that the record is of 
the date corresponding, in this case the morning of December 1. 
(November 29 is Sunday.) 

The record is inU*rpreted as follows. Order No. 3601 is to be 
finish<*d Dt'cember 11, to accomplish Avhich the first process in 
building hail to begin on October 10. IVIaterials were issued on 
October 15. At the date of record the work has progressed 
exactly according to schedule and the ninth operation is to be 
started the next day. The next order. No. 3002, which had the 
same starting date, has been progressing faster than the schedule 
and is 7 working days ahead, ready for operation No. 8. The 
third, No. 3003, was to havi* bei'n completed on November 27, 
but opi'ration No. 5 was held up on account of tiK)l trouble the 
preceding morning. The fourth. No. 3010, was finished on 
schedule, as was also ordiT No. 3013. Number 3011 was held up 
the day before for ri'pairs on the timth operation nuichines, and 
may need attention. Number 3010 should have been completed 
on this date, but was held up on the morning of the twenty-seventh 
by ab.scnce of help. If this last job is one on which delivery is 
important, the absence of the workman is causing serious troubli*, 
Reference to the production order and its schedule will reveal 
just where the job is and the identity of th(‘ workman. A record 
such as this, ready on the desk of the manager in the. morning, 
gives him at a glance the information he needs as to progress of 
orders and as to where his attention may be needed. 

The different forms of record on plant activities which may be 
presented on Gantt charts is almost without number, depending 
on the character of the enter’prise. The man record lends itself 
to a study of idleness, of the ability of men to produce on schedule 
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time or to earn bonuses, and* of various other personal 
characteristics. The machine record chart is applied' in many 
ways, notably in studies of the earning capacities of machines in 
relation to cost and investment charges, and of layout of machines 
in the plant. The load chart, to show the continuity of demand 
of the work orders on plant equipment, is a form of machine 
record chart. The “progress of work’’ chart is applicable to 
continuous process manufacturing the same as to manufacturing 
on orders. It may be used in studying th(' operations on imlivid- 
ual machine's or in departments. Work'in the* various office's 
may be chartcei. One aelajitation give's an exce'llent comparative' 
recorel of orders and shipments, for both jiure-hasing anel sale's 
elepartments. C’onside'reel as a wlmlc, the (lantt e'hart system 
represents one of the most neitable aelvance's which has be'cn maelc 
in the field eif managerial ceintrol. 

Measurement of Management. —The' ceintiimally increasing 
stre'ss that is being laiel em manageme'nt metheuls in the entire 
fielei of our proelucing industrie's is teneling toward the setting uj) 
e>f standards which will make possible the calculation eif managing 
efficiency. The responsibility of manage'me*nt foi- e'ffective jne)- 
eiuction was calle'el forcibh" to the attention eif the public by the* 
report on “Waste in Industry” issued by the' Feele'rateel American 
Plngineering Societies. The technical pre'ss is reple'te with 
discussions of management methoels and of ae-complishmcnts 
attained. All of this leaels naturally to the c}ue'stie)n eif a possible 
measurement of the results eif managi'inent in te-rms that pe'rtain 
directly to the acts performeel. 

Such comparison of performance must be in explicit te'rms if 
it is to be of significance. This means that each branch of activ¬ 
ity engaged in by the managing staff must be segrc'gated from 
the others. Each phase of a manager’s duties is, or should Ix'. 
directed toward the accomplishment of some definite re.sult, and 
each one should be weighed as to accomidishment against a 
standard. A combination of the partial performamres would 
then give an over-all efficiency, just as the combination of results 
in the several divisions of a steam power station gives the effi¬ 
ciency of the entire plant. It is manifest that difficulties will 
be encountered in setting the ideal performanc(', and that this 
ideal will be advanced with increasing experience and improved 
facilities in the form of better designed plants. Variations of 
this kind can be eliminated, however, by stating the standards in 



ORGANIZATION AND MANAGEMENT 


273 


terms dependent upon physical limitations of equipment, thus 
making the comparison one thaj will indicate only the personal 
achievement. What is sought is measurement of a purely human 
result by impersonal means. 

The recording of accomplishment t)y the graphical methods 
which have just been described is a move in the direction desired. 
Studies of man and ma(!hine performance suggest directly the 
ideal result. Failure to measure up to the ideal is due to the 
failure f»f someone to do all that was expected. Where to lay 
the blame—whether On management or labor, or on conditions 
outside the control of the producing organization—is the question. 

It is clear that management’s efficiency record should not be made 
to sulTer on account of adverse market conditions, for example. 
It is premature to attempt the development of a finished plan, 
but it is time to begin giving thought to the matter. 

A few standards may be suggested. Fr)r the purchasing 
dcjpartment the basis is that of the average market prices on all 
materials purchased during the month. If the agent has gaged 
the market corrt'ctly and placed orders at opportune times, 
his rccc)rd will be high. For the sales department it will vary 
with the charact.(>r of product. With a product going to the 
general trade, the standard is the price at which .sales are made; 
with a stand.'ird specialty, if is the amount; with a varied list 
of maniifactured articles, it is the balance of sales through which 
all branches of the plant are kejit in operation. 

In the manufacturing department the test comes on the effec- 
tivr* u.se of material, machines, and men. Material should bo 
worked to form without wast(‘. EMachines should be emfiloyed 
continuously in relation to th(‘ (‘xtent to which work orders on 
hand would require their operation when jobs are performed in 
standard time. If it is impo.ssible to balance equipment per¬ 
fectly, some machines work onlj' part time while others work 
all of th(‘ time. A standard for men would be per¬ 
formance records clear from the interruptions from causes 
listed on the (lantt charts, which could be eliminated by- 
perfect coordination. 

All these are suggestions, merely, in an undeveloped field* 
which is awaiting exploration and systematic study. 

• The pioneer in tins field i.** Professor .los. W. Roe, to whom the uiithor 
is indebted for suggestions. See article by Professor Hoe in Mechanical 
Engineering, November, 1923. 
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PERSONNEL CONTROL 

The selection and training o.^ workers constitute one of the 
important divisions in management. Comment has been made 
on the personnel or employment, tlepartmcnt as a distinctive 
branch of the organization, but tju* a(dual methods of handling 
this department remain to be considered. Adtling new members 
to the working force by the hit-or-miss method of receiving those 
who apply in response to notices or advertisements regarding 
positions vacant does not yield results. The head of an employ¬ 
ment division, under ordinary conditions, will maintain a list 
of available work('rs and detc'rmine in adv^ance the chief, charac¬ 
teristics of the applicants. Whih' this may not always be possible, 
the active employment agent will s(‘e to it that he knows something 
of the natvin* and life history of workers l)efore they are taken 
on the force. 

To make this pot^sible tluTC must, be cooperation bet wcmui heads 
of the various operating d(‘partinents and the employment office. 
Reports should be made by tin* different dej)artinents showing 
the present condition of the working force, and impending vacan¬ 
cies either from men quitting or being promoted, or through 
projected additions to the working forct'. I'liis should be accom¬ 
panied by a statement of the natun' of the work to be performed 
and any spetaal qualifications which are nec(‘ssary. Through 
such reports the din'ctor of employment is able to forecast the 
needs of the company ff)r a ix’riod which will vary according 
to conditions, but which should b(' not less thari two weeks. From 
the list of applicants, or, if this list is short, through inquiries 
w'hich*will bring to light possible workers in the vicinity or others 
who may be brought when occasion demands, he may tlaui select 
those who, by nature and by training, meet the nHiuirernents. 
This practice makes it possible to bring a higher t ype of employee 
into the plant, and results in a diminished cost of training. 

When the time comes for the employee to begin his w'ork he 
has already been designated for assigniiKuit in accordance with 
his abilities. He is passed on to the foreman of the gang or 
division w’here his speta'fic training for the job is begun. Should 
he prove to be unfitted for that work he is not at once cast adrift 
Imt is returned to the employment department w'hich then pro¬ 
ceeds to find the position for which he is adapted, if conditions mak<‘ 
it possible. There is always the possibility of a shift among mem¬ 
bers of the force by which someone may be promoted to the posi- 
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tion originally in view and thuR open the way for the prospective 
employee* It is by such manipulations, based on a careful study 
of the needs of the different departments and of the character 
of the available men, already in the plant or applicants, that the 
employment superintendimt really p<!rforms his true function. 

In the employment office two*sets of records are kept. One has 
been referred to as the waiting list. This reckon! embodies the 
name and general description of the man, t.og('ther with a record 
of his past employment and experience, information as to his 
nationality, his family, and status as a citizen of the country, 
the conditions of his home and its surroundings, the scale of 
living w^u'ch he has been able to maintain through his earning 
capacity, and such other information as may be determinable. 

The other is a record of employees. This record should include 
the history of every worker, from the time of his entering the 
plant. It covers such items as the kinds of .work which he has 
done, his success in meeting the requinunents of the job, and full 
information as to his advances in rank and in i)ay. In addition 
to these facts pertaining to his work for tin* company, there 
should be included information as tohisd(‘velopment and training, 
facts as to his home life, the opportunities which he lias found for 
r(‘creation or other forms of self-exjnession in his private and 
social life. It is manihist that such a reconl is one to be consulted 
when questions of promotion are at stake. They supplement 
the otiicial performanc(> recorils of the man on his job which are 
kept in the files of tin* planning (h'partment or of the department 
in which h(‘ works. 

'Fhe emjiloyment superinteniU'nt, in coihicration with IheUieads 
of the operating departments, should include in his dealings with 
employees a study of absent(*eism. Th(‘ habit of irregularity 
is one of the most troublesome f(*atures in the conduct of an 


industry, but it has beim demonstrated many times that con¬ 
sistent study of the underlying causes and motives which influ¬ 
ence the workers will produce gratifying results. Absenteeism 
will show up prominently in any adequate system of graphical 
records, and thus it is bound to come to tlu' attention of the 
executive in charg(‘ of operations. The employment superin¬ 
tendent should.be in conference, and may take* a prominent part 
in carrying out the plans which may be formulated for combating 
this evil. Methods of meeting the'situation are not under dis¬ 
cussion at this point, further than to observe that the employ- 
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merit department should take cognizance of the situation, and 
in the record which is kept, of the personal characteristics of 
employees, give proper place to this characteristic trait. ^ 

The activities up to this point are those which pertain to the 
proper administration of a departPient designated for the 
employment and assignment of ^-orkers. The records described 
are those, which show the facts which arc determinable by 
observation and inquiry, but which do not nee(‘ssitate activities 
designed particularly for the welfare and educat ion of the workers 
as a group. If these additional activities are to be entered into 
by the management it means the formation of a welfare branch. 
When this is done a more appropriate designation is that of a 
personnel department with two branches, employment and wel¬ 
fare. This more extensive line of activities in lines of personnel 
has not been taken as representative, so no detailed discussion 
will be given of ^he various activities which might occupy the 
attention of the welfare division, further than to note that in 
certain large industries of the country the work has been carried 
through with marked success. An api)roach to it may b<‘ made 
in smaller enterprise through a simple organization, by institut¬ 
ing a moderate program for education of workers in general lines 
in addition to the special training called for in tlui work itself. 
Under proper guidance such activities will yield good re.sults. 
The possibilities of cariying on this work without the special 
welfare division depends upon the energy and cai)acit.ies of thi* 
employment head, as well as upon the size of the plant. 

Measured in terms of economies secured, the work of the 
emplvyment department is effective in the reduction of labor turn¬ 
over. A successful employment superintendtuit. will reduce the 
cost of breaking in new workers through wisi* sek'ction and appro¬ 
priate assignment to jobs, and by these same* acts, coupled with 
continued attention to the work(*rs on the job, reduce* the numbe*r 
of those who quit. Since the e^ost of turne)ver is measured by 
the product of the cost e)f training the workers and the number of 
workers taken into the plant, the saving is a eleiuble^ one\ That 
the practice of maintaining a elepartrnent of this kind justifies 
itself whert'ver conditions are* at all favorable is atte^sted to by 

> A valuable contribution, and one which every one should read, ia an 
article entitled “The Foreman and the Personnel Department,” by Calvin 
W. Rice, Secretary of the American Society of Mechanical Engineers, 
published in the September 1920 number of the Sibley Journal of Engineering. 
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the statements of departmerit executives, two of whom have 
already b^en quoted in this chapj-er. 

While this saving in the cost of labor turnover is the one 
directly credited to th(‘ emi)loymt‘nt department, there are 
bound to be other financial advantag(‘s coming as a se'condary 
effect from the work of the successful sui>erintend(;nt. As a 
rc^sult of consistent effort along the lines indicated lh(‘ worker in 
the plant will b(' more productiv(‘, for the tlouble rt'ason that he 
is better prepared for his jol), and is working in an atmosphere 
that is conducive to higher standards. P^vidcuice on this point is 
not always obtainable in din^ct terms, but the fact that it is tnu' 
can be proven by the statements of many administrators who 
have giv(‘n tlie plan adequate trial. 


INDUSTRIAL RELATIONS 


Th(‘ su})reme test of managc'iiient is in tli<* maintenance of 
satisfactory relations with (unployc'cs. A cordial and Tos]>onsiv(‘ 
attitude is essential to good oi)erating conditions. Under such 
conditions then* is no necal for formalized machinery for the 
adjustimmt of controversies. 

It is not to be expc'ctial, however, that such relations can always 
be maintained. ('(Ttain tend(mcies, which have their origin in 
human traits unnecessary to (h'seribe, lead to unrt'st and dis¬ 
satisfaction, fnajmmtly originating in misuiuU'rstandings or 
through inHuenc(‘s coming from sources outside the organization 
its(‘lf. 'riie manag('ment forces must recognize this fact and 
sluudd give intellig(*nt study to methods of dealing with dis^jmtes 
which may ari.s(‘ in spite of sinc('re efforts to prevent their 
occurrence'. 

in recognition of the n(‘('il for industrial harmony, an Industrial 
('onfere'iice* was (‘onvt'neel in Washington by President Wilson, 
December 1, 1919, for the purpose (»f inquiring into causes of 
unrest ami sugge'sting means for the adjustment of difficulties. 
The ( Umh'rence r(‘conv(*ned in January, 1920, and ]u epared a report 
which contains many suggestive* state'ments. While it re'prcse'uts 
ne» ee)mindse)ry prejvisions, neverthele'ss its finelings arc worthy 
e)f carefful ea)nsideratie)n. A [)e)rtion e>f the lepewt is (]uote'el in the 
follemdng page's, embe)elying as it ele>e's a e'le*ar statement on an all 
important subject by a elistinctive' grenip e>f nu'n, all of whom have 
hael wiele' cxpe'rie'nea* in busine'ss affairs, rn.suppewteel though 
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it is by governmental authority, it has had undoubted influence 
in the forming of opinions and policies on the part' of many 
administrative officials, and is a document eminently worth while 
for consultation. The part quoted deals mainly with causes and 
prevention of disijutes, Imt includes the statement 'bf a plan of 
settlement. For a discussion of th<* settlement plan the report 
itself must be consulted. While the country may not be i(*ady 
for compulsory arbitration, and industrial conditions may not 
favor the general adoption of plans for employee rei)resenta- 
tion, still it is important that these qiu*stif>ns receive earnest 
consideration.^ 

KKOM THK SkcONI) Itni'ORT 0>' TllJO NaTH>NAC lNI>I'STJtlAI. 

('ONFERKNCK 

'^rhe causes of industrial unrest are many. Among others they 
include the rise in tlfe cost of living, unrestrained speculation, spectacu¬ 
lar instances of excessive profits, excessive accumulation aiid misu.se 
of wealth, inequality in readjustments of wage scales, release of ideas 
and emotions by the war, social revolutionary theories imported from 
Europe, the belief that free speech is restricted, the intermittency of 
cnnployment, fear of unemployment, excessive hours of work in certain 
industries, lack of adequate housing, unnecessarily high infant mortality 
in indu.strial centers, loss of personal contact in large industrial units and 
the culmination of a growing belief on the jiart of both employers and 
employees that a readjustment is necessary to a wholesome continuity 
of th(!ir united effort. 

For the. most part causes of unrest arc* not the result of the war; they 
have been accentuated by it. Much invt'stigation and public discussion 
have been devoted to tlu'se matters. I'lu* r<‘lativ(' importanct* arul 
emphasis laid on the different cau.ses varies with each investigator. 
The Conference*, in Part IV, has made* sugge*stions for dealing with some 
of the conditions enumerated, and it heipes that progre*ss teiward reme'dy- 
ing them may be accelerated by the* furthe*r deve*lf>pnient of emi)loyee’ 
representation and by the use of the sugge*steel machinery for 
adjustment. 

There is, liowever, a feature of the i>resent industrial unre*st which 
differentiates it from that commonly e*xisting before the war. It cannot 
be denied that unrest today is characte*rized mem* than ever befe)re by 
purposes and desires which go beyond the rru*re demand for higher 
wages and shorter hours. Aspirations inherent in this form of restless- 

’ For further discussion of personneJ matters the reader is referred to the 
treatise “Personnel Administration,” b3' Teai> and MuTeAnr, McGraw-lJill 
Book Co. 
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ness are to a greater extent psychological and intangible. They are not 
for that reason any less significapt. They reveal a desire on the part 
of workers to exert a larger and more*organic influence upon the processes 
of industrial life. This impulse is not to be discouraged but made help¬ 
ful and cooperative. With, comprehending and sympathetic apprecia¬ 
tion, it can be conv(!rted into a rforce working for a better spirit ami 
understanding between capital and labor, and for more effective 
cooperation. 

The wisest suggestions for the prevention and relief of industrial unrest 
are to be found by interpreting the best thought and experience of those 
employers and employees wlio, within the area of their own activiti's, 
have most successfully dealt with th<‘ problem. The C’onferencc in 
making fts final r(‘port has considered the interpreting of actual achieve¬ 
ments its most useful function. It believes that practical experience is 
more useful than the views of extnunists on either side. Such experience 
shows that no group of men can suec<'ssfully undertake to deal with the 
interests of otlu'r groups witliout their cooperative participation in the 
methods of equitable adjustment. * 

The guiding thought of the (’onferenee has been that the right 
n?lationship bc^tween employer and enqiloyee can be best promoted by 
the deliberate organization of that relationship. That organization 
should begin within the plant itself. Its object should be to organize 
unity of interest and thus to diminish the area of conflict, and supply 
by organized co6p('ration betwe(‘n employers and employees the advant¬ 
ages of that human relationship that existed between them when indus¬ 
tries were smaller. Such organization should provide for the joint action 
of managers and tunployees in dealing "with their common interests. 
It should emphasize the responsibility of managers to know men at 
least as intimately as they know materials, atid the right and duty of 
employees to have a knowledg(‘ of the industry, its processes and 
policies. Employees need to understand their relation to the joint 
endeavor so that they may once more have a creative interest in their 
work. 

Industrial problems vary not only with each industry but in each 
establishment. Therefore, the strategic place to begin battle with 
misunderstanding is within the industrial plant itself. Primarily the 
settlement mxist come from the bottom, not from the top. 

The Conference finds that joint organization of management and 
employees w'herc uiulertaken with sincerity and good-will has a record 
of success. The general principles governing such organization are 
stated at length under the title, “Employee Representation.” It is 
not a field for legislation, because the form which employee representa¬ 
tion should take maj' vary in every pl^it. The Conference, therefore, 
does not direct this recommendation to legislators but to managers 
and employees. 
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If the joint organization of manageMicnt and employees in the plant 
or industry fails to reaeli a collective agrc'cment, or if, without such joint 
organization, disputes arise which are not settled by existing agencies, 
then the C'onferencc proposes a system of settlement close at hand ami 
under government encouragement, and a m.’nimum of regulation. Tlu* 
entrance of the Clovernment into thes^ problems should be to stimulate 
further codjM'ration. 

The system of s(‘t.t1emenl consists »>f a plan, nation wide in scopi’, 
with a National Industrial Board, local liegifuial Conferences and 
lioards of Inquiry, a.s follows; 

1. The j>arties to the disjuite may voluntarily submit their differences 
for settlement to a boanl. known as a Regional .Adjustment Conference. 
This board consists of four representatives selected by the parties, and 
four others in their industry chosen by them and familiar with their 
prf»])leins. The board is ])reside<l over l)y a trained government official, 
the regional chairman, Avho acts as a conciliator. If a unanimous 
agreement is reached, it results in a collective bargain having the same 
effect as if reached by joint organization in the shop. 

2. If the Regicmal Conference fails to .agree unanimously, the matter, 
with certain restrictions, goes. und<’r the agreement of submission, to the 
National Industrial Board, unh‘ss the jiarti<‘s prefer the d(‘cision of an 
umpire selected by them. 

3. The voluntary submission to a Regional A<ljustment Conference 
carries with it an agreement by bfith parties that tln're shall ])e no inter¬ 
ference with production pending the processes of adjustment. 

4. If the parties, or either of them, refuse voluntarily to submit the 
dispute to the jiroces.ses of the plan of adjustment, a R(*gional Board r»f 
Iiujuiry is formed by the regional chairman, of two (>mi>loyers, and two 
employee's from the industry, and not parties tf> the* dispute. This 
lioarel ^has the right, under proj>er safeguarels, to subi>oena witnesse-s 
and records, and the dut.A' tr» publish its findings as n guide to jaiblic 
opinion. Kit her «>f the jiarties at cemflict may join the Board of In<iuiry 
on giving an undertaking that, so far as its .sid<> is concerned, it will 
agree to submit its contention to a Regional Adjustment Chinferi'iice, 
and, if both join, a Rc-gifinal Adjustment C^nib'rence is automatically 
created. 

5. The National Industrial Board in Washington has general 
oversight of the plan. 

6. The plan is applicable also t.o i>ublic utilities, but in such cases, tin* 
government agency, having [)ow(‘r tf> regul.ate the service, has two repn*- 
sentatives in the Adjustment C-onference. Provision is made for jirompt 
report of its findings to the rate rf'gulating body. 

The Conference makes no reeomirumdation of a ])lan to cover steam 
railroads and other carri<*rs, for which h’gislation has recently been 
enacted by Congress. 
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7, The plan provides machmery for i)rompt and fair adjustment of 
wages and working conditions of government employees. It is espe¬ 
cially necessary for this class of employees, who should not ]i(‘ })erinitted 
to striker. 

8. The plan involves no penalties other than thos(' irnpos(‘d by public 
opinion. It does not impose compvilsor}' arbitration. It does not deny 
the right to strike. It does not submit to arbitration the policy r)f the 
"closed” or "open” shoj). 

The plan is national in scope and oixTation, yet it is deccnitralized. 
It is different from anything in oi>eration elsewhere. It is based ui)on 
Anu'rican exi)erienee and is de.^igned to meet Anunican conditions. It 
employs .no legal authority except the right of iiujuiry. Its basic id(‘a 
is stimulation to settlement of differences by the ])artie.s in conflict, and 
th(‘ enlistment of public ojhnion toward (mforcing that method of 
settlement.. 


Prevention of Disputes ^ 

Joint Or(/unizntion through Eniplogrt’ Rcjmsrnlution 

Prevention of <lisputes is worth more than cure. The Conference 
f(‘els that a new basis of iiulustrial ])eace may be found in the further 
develo])ment of the democratic organization of tlu' relations of employers 
and employees, now widely in pnigress thrtiugh the country. 

jModi'rn industry, as conducted in large ])lant>». has caused a loss of 
personal contact between employers and emiiloyees. It has also 
caused, through high sjiecialization and r(*petitive nu'chanical processes, 
a loss of creative interest. But it makes possibh' a greater ])roduction 
of the material things which contribute to the common resources of the 
people. Vpon these resources an advancing civilizatit>n, with a higher 
common standard of living, must depend. , 

Din'ct p('rsonal contact in tin* old manner cannot be restored. It is 
necessary, therefore, to find the best possible .sub.'>titute through demo¬ 
cratic representation. I'anjiloyees need an established channel of 
expression and an opportunity btr responsible consultation on matters 
which affect them in their ndations with their employiTs ami their work. 
There must be tliffu.sed among them a Ix'tter knowhalge of tin* indu,stry 
as a whole and of their own relation to its succe.ss, J’hn})loyee represen¬ 
tation will not only enabh' them better to advance their own interests, 
but w'ill make them more definitely conscious of their own contribution, 
and their own responsibilities. 

ICmjiIoyec r(‘pri*s(»ntation has been discussed under diflerent names 
and forms, such as shop committees, shop councils, works councils, 
representative government in industry, aiid others. But representation 
is a definite princijffe rather than a form. The Conference, therefore, 
jirefers the generic term “employee re])resentation.'' In using this 
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term the Conference has in mind ^he' successful application of the 
principle to various activities outside, as well as within, the purely 
industrial field. 

From both employers and omi)loyoes the Conference has received 
tlmughtful and helpful suRRestions as to tile possibilities, 'under prop(‘r 
conditions, of employee representation. These suggestions clearly 
proceed from a genuine desire that this movement may sj)read in accord¬ 
ance with sound principles and be kept from perversions which would 
threaten its lasting usefulness by making it an agency of attack rather 
than a means to peace. 

Emplo3’'ee representation organizes the relations of employer and 
employee so that they regularly come togc^ther to deal with their common 
interests. It is operating succe.ssfully under union agreements in organ¬ 
ized shops. It is operating in non-union shops, and it is operating in 
shops where union and non-union men work side by side. In plants 
working under union agreement, it adds to collective bargaining an 
agency of cooperation within the plant. It is itself an agency of collec¬ 
tive bargaining and cooperation where union agreements do not obtain. 

It is idle wholly to deny the existence of conflicting interests betw(;en 
emjiloyers and emi)loyees. But there are wid(‘ areas of activity in which 
their interests coincide. It is the jnirt of statesmanship to organize, 
identity of interest where it exists in order to reduce the area of conflict. 
Tlie representative principle is needed to make effective' the employee's 
interest in production, as well as in wages and working conditions. It is 
likewise needed to make more effective the employer’s interest in the 
human clement of industry. 

The idea of employet' rei)resentation has aroused opposition from two 
sources. On the one hand, in plants too large for direct personal con¬ 
tact, employers who still adhere to the theory that labor is a commodity, 
hold «ff from an}”^ form of cooperation wdth employees. I’liis view is 
steadily disappearing and will, it is hoped, wholly disappear. On the 
other hand, a number of trade union leaders regard shop representation 
as a subtle weapon directed against the union. This thought is appar¬ 
ently based on the fear that it may be used b 3 ^ sonu; emploj'crs to under¬ 
mine the unions. Conceived in that spirit no plan ear> be a lasting 
agency of industrial peace. 

But occasional misuse of employee representation and the conseciuent 
hesitancy of organized labor to endorse it officiallj’ are based on a mis¬ 
conception of the possible and desirable relations between the union 
and the shop committee. This relation is a complementary, and not^ a 
mutually exclusive, one. In jnany .plants the trade' union and the shop 
committee are both functioning harmoniously. In some establishments 
the men are unionized, and thd shop committees are composed of union 
men. In others, some men belong to the trade union while all belong 
to the shop organization. 
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The union has had its greatest^ success in dealing with basic working 
condition}^, and with the general level of wages in organized and partially 
organized industries and crafts. It has also indirectly exerted an influ¬ 
ence on standards in unorganized trades. There is no reason to suppose 
that in the future this influence will not continue. 

Local problems, however, fall Aaturally within the province of shop 
committees. No organization covering the whole trade and unfamiliar 
with special local conditions and the questions that come up from day 
to day, is by itself in a position to deal with these questions adequately, 
or to enlist the cotiperation of employer and employee in methods to 
improve production and’to reduce strain. Except for trades in which 
the union itself has oi>eratecl under a system of employee representathui, 
as it does in shipbuilding and in the manufacture of clotliing and in other 
trades, these internal factors are likely either to be nc'glected or to be 
dealt with in a way which dotis not make for satisfactory cooperation. 

The existence of employee representation in plants operating under 
union agreenu'nt does not necessarily reduce’ the scope of the union 
repre.sentativf‘’.s work. But matters are more likely to come to him as 
questions of the application of an agreement rather than as mere griev¬ 
ance's. In other words he has greater opportunity for s(!rvice in negotia¬ 
tion of an essentially conciliatory nature. The fortunate results of such 
development have been ev'ident in industries in which employee repre¬ 
sentation and trade unions have for some time been functioning 
harmoniously. 

Employee representation must not bt‘ considered solely as a ilev’ice 
for settling grievances. It can find success only if it also embodies 
cooperation in the problem of production. Whatever subjects the 
re])resentatives come to feel as having a relation to their work, and their 
effectiv’cness a.s memher.s of the plant, may come within the field of 
committw consideration. It is a thing to be undertaken, if at^all, in 
a thoroughgoing way. Rei)re.sentatives must be selected by the 
employees with absolutt* freedom. In order to pre\'<*nt suspicion on any 
side, selection should b(‘ by secret ballot. There must be equal freedom 
of expression thereaftcT. All employees must fet'l absolutely convinced 
that the management will not discriminate against them in any way 
because of any activities in connection with shop committees. Meet¬ 
ings should be held frequently and regularly, not merely when specific 
disputes are thri:alened. Both .sides must be prepared to study the 
])roblems presented and must give them patient, serious and open- 
minded etinsideration. I’here should be made av'ailable those facilities 
and facts essential to the formation of soundly based conclusions. 

Emifloyee representation offers no royal road to industrial peace. 
No employer should suppose that merely by installing some system of 
shop representation he can be assured, without continued effort, of 
harmony and increased production Doubtless there will be failures 
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where the plan is adopted as a fad oi* a- panacea. It is only a means 
whereby sincerity of purpose, frank dealing and the establishment of 
common intc'rests, may bring mutual advantage. 

The development and maintenanee of right n'lations between emj)loyer 
and (‘inployee recpiire more tlian mere organization. Intelligent 
and wise administration is nei'ded ofrall tliose probU'ins of production 
that diri'Ctly touch the employee, (’onditions affecting human beings 
in industry were, during the last geiuTation, largely in charge of men 
whose sjwcial training had been devoted to the ineclianical side of j)roduc- 
tion. Much study was given to the machinery and ])rocesses upon 
which men worked. But the factors that eOntril)ute t.(» the broader 


human development and satisfaction of the (‘mj)loyee and that lead to 
incn'ased productivity wen' too nearly neglected. The elimination of 
human friction is, even from the jxiint of view of increased production, 
at least no le.ss imiKirtant than tin* elimination of wa.''te in materials, 
or in mechanical power. 

Mstablishiiu'nts in which the ultimate managmnent is of necessity 
widely nmiovc'd from the emi)loye(‘s, reciuirc' jirovision for specializ(*d 
study of imlustrial n'lations. lint tlu* right concept of human relations 
in industry, which should be the ju'imary impulse of management, is of 
full value only when it ja'cmeates the entire ailministrative force. 
Farsighted ex('eutives testify to tin’: advantage gaiiu'd from careful and 
painstaking cfTorts to encourage and educate their foremen in the 
|)roper altitude toward employt'cs. 

A large* j)roportion of nu'n trained in our engineering and technical 
schools now jiass into executive ])ositions. It is, therefore, desirable 
that these schools ^hould provide courses of instruction in which the* 
j).sychological and industrial background for human relations work 
shall be de'veloped. Jbit no amount of education outside the plant will 
removj; the need for tlu' systematic training of the for<‘c within. 

Some industries liavt* exb'iided tlu' principles of employee representa¬ 
tion beyond the individual jilant. Tlu* voluntary joint councils which 
have thus been .set up in the clothing industry, in the printing trade, 
and els('W’h<'re are fruitful expc'riments in industrial organization. 

The Conference' lias had the Ix'iU'fit of testimony from both employers 
and employees who liave had exiierience of the results of emiiloyee 
repn^sentation. An ('nihiisiasm has bec'U sliow'n w'hich comes from 
a sincere' feeling eif sulistantial jireigre'ss in the deve'leipment eif 


human relatiems. 



CHAPTER XI 


COSTS 


('ost considerations are at the center of administration. Cost 
control is a matter of executive action and its treatment is made 
tlie subject, of a se[)arate chapter only because of its importance. 
Tn the [)receding chapter several phases of its handling have be(‘n 
referreef to, esp(‘cially as to its position in the* managing organiza¬ 
tion. On th(* basis which has been advocat(‘d, wh(‘reby the pro¬ 
duction control depiartment attends to the gathering of primary 
records wliieh arc* then made available l)oth for the preparation 
of reports rc'lating to opc'rations and for the ipore extended work 
of the cost accountant, close and active cocirdination is required 
bc'tween the oi)erations planning room and the accounting rooms. 
This should lu* consider(*d in the layout of the service rooms 
in the plant. 

In a book d(*vot(‘d to the broad field ol Alanagc'nu'nt l'jngine(‘r- 
ing there is insufficient space for the develoiunent of details 
of accounting methods. That task is within the province of 
the cost specialist, and many excellent books' and articles are 
available to the* readc'r who desires to follow the subject more 
closely. The only purpose; of this discussion is to bring out those 
characteristics of costs and cost accounting with which those 
concernc'd with the active control of operations should be 
familiar. 


‘ “rnKluclioii Engineering and Cost Keeping,” Basskt »!!: Heywood, 
Mc.tJraw-IIill Book (’o. 

“(-ost Keeping and Seieritifie Management,” H. A. Eva.vs, MeCiraw- 
Hill Hook Co. 

“Works Management,'’ W. D. Enxis, McGraw-IIilI ]k)ok Co. 

“(Jost Itejiorts for Exeeiitives,’’ B. A. Fkanklin. 'fhe Engineering 
Magazine Co. 

“Grapliie I’roduetion (’onirol, " C. E. Kxoeci’EL, Tlie Engineering 
.Magazine Co. 

Magazine Artielt‘.s: 

“Managerial ('ontnil through C’osts,’’ J. P. Joruax, Management 
Kngmeering, Eebruary-June, 1923. 

“ Wliat Cost Knowledge Is of Most Worth," G. C. IIaiikison, Manage- 
viml Engineering, Eehriiary, 1922. 
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A knowledge of costs is essential to the successful management 
of an enterprise. The end and. aim of management is’^to reduce 
the cost of production. All that has gone l)cfore in the way of 
studies in the effective control of labor, material, and plant serv¬ 
ice has its point of application iiri the effect produced on opera¬ 
ting cost. To make such efforts effective, those having to do with 
the problems of management must have an understanding of the 
elements of cost, anti of the relative signifitiance of the many items 
which involve expenditure. In the end every dollar paid out on a 
transaction, whether it. be to parties outside or inside the organi¬ 
zation, must be charged against, the plant product. To make the 
enterprise a profitable ont', often to make possible its existence, 
such expenditures must be k('pt on an a]ipropriate level. Nig¬ 
gardly economies are not representative of efficiency, but it is 
essential that work be adjusted to a definite plan and all duplica¬ 
tion and wasted effort eliminated. To accomplish this calls 
for regulated control all along the line. 

The peculiar opf)ortunities for saving in the operations depart¬ 
ment have led to the development of the planning and control 
methods which are now found in representative plants. Tn 
other departments the control of activities calls for corresponding 
measures. It devolves, in great part, upon the cost accountant 
to act as a planning expert and tf) <levise a system of regulatory 
checks and reports that will le»ad to the kind of control reejuired. 
This means that cost accounting is no longer a mere bookkeeping 
function. It calls for active study t)f methods in vogue every¬ 
where in the plant. The e.xpense of maintaining all of the 
branches outside of the operations departmemt must be treated as 
a general overhead, and when the product includes more than a 
single article a system for distributing expenditures must be 
devised and administered so that the proper amounts shall be 
borne by each portion of output. I'liis (rails for detailed knowl¬ 
edge of conditions and of the character of the many kinds of 
service. The head of the costs service has become an official with 
heavy responsibilities and intimate contacts with all parts of the 
enterprise. His concern is with the future* rather than with the 
past. 

Cost Elements. —The terms employed in calciilating costs 
should be understood }>y all. It is apparent that different 
methods are employed in handling cost items, which means that 
correspondingly different methods must be used in exercising 
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managerip,! control. The /olfowing division is one commonly 
adopted. • 

1. Direct Coal .—Another term fre(iuently applied is prime cost. 
It is made up of those ^rharges which can be applied to each 
article produced, such as dir9ci material and direct labor. By 
keeping records of machines employed on each job or lot of goods 
manufactured, it is possible to make direct charges covering 
several items of expen.se connected with the operating and 
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maintenance of (*(pn])nient. The extent to which this is carried 
depends upon circumstances. In general, it may be said that the 
direct charging of cost items should be carried as far as it may 
without involving inordinate labor in accounting, to avoid errors 
which ar(‘ bound to occur when general items hav(‘ to be allocated 
bj’ api)roximate rules of distribution. 

2. Factorff Kxpemte or Burden .—After the direct charges have 
l)(*en made there remain many items of expense which cannot be 
assigned directly to different products. They include salaries 
of the superintending staff and all members of the factory office 
iorce; indirect labor of various kinds employed in moving material, 
janitor service, etc.; pow'er, heat, and light; repairs and mainte¬ 
nance on equipment and buildings; insurance and taxes on that 
portion of plant, equipment, and mat (‘rial which relates to the 
manufacturing division; and six'cial s(‘rvice in tool making and 
pattern making w'hen those articles are carried over for use on 
duplicated orders. The last item may be divided and charged 
directly. 

3. General Expense .—Sometimes this is distinguished as 
general office expense, when sales expense is considered sepa¬ 
rately. When accounting has been developed to a fine degree 
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the expense of maintaining other departments may be s(?parated 
from the total. For example, th(* purchasing expense has a 
different relation to material than that borne by other ofFu^c' 
d(‘partinents, and it may be distributed by a rule of its own. So 
with the employment department in its relation to labor time*. 
The w’hole of general (ixpense is usually disti-ibuted over product 
on a different plan than that employed in distributing factory 
expense. Conditions are so variable in diflerent industries 
that it must be left to the accounting force to determine the 
extent of d<*tail to which it may go in making separation of items 
for distribution. 


4. Profit and Z/e.s.s.--This, wlaui added to the total of all that 
prece(l(‘s, gives selling ])rice. (.>f course the actual price may be 
determined by competitive mark(‘t. conditions so that pi'ofit and 
loss is a derived (juantity, but th(M)retically it is considered as a 
determinable (dement. The rational basis of distribiiticm is as a 
straight p('rc(“ntag(‘ on the total cost made up from the actual 
co.st eleiiKUits. It frecjuently liappens, how(’ver, that sonu' 
articles are sold at a profit, and ttuTeby make up loss(‘s on othei s. 
This serves to demonstrate the true value of correct cost account¬ 
ing. The management needs to know which ait ides are the 
profitable oik's to manufacture, as well as which oik's n(‘ed to 
be inv(‘stigated for the purpo.se of reducing actual cost. 

Derived terms are Factory Coat, found by adding Direct Cost 
and Factory Expense, and Total Cost which is found by adding t(j 
the factory cost the items included in General Expense. 


C 

Distribution of Expense.--The proper distribution of the 
factory and geiKTal (*xp(‘nse constitutes the most complex task 
of co.st accounting. It is (‘vid(*nt that it must be done by .some 
plan of proportional calculation, but this recjuiivs the ,s('lection 
of the basic quantity that is to serve to fix the* ratio. At Ix'st it 
is an approximation and the chanc(* f(jr error beconi(‘s less the 
greater the amount of tlu* dirc'ct charges made against any article 
in proportion to the amount of the indirect, 

Th(; basis empkn’ed for this di.stribution proce.ss must be oik' of 
the directly record(‘d items of (xjst, or some combination of them. 
The one most comimjnly us(‘d in the past is direct k/kor time. 
When thus employc'd the total time devoted by labor to the 
direct production is record('d, tog(‘th(T with th(^ total of the 
expen.se which remains to be distribut(‘d. The ratio of th(‘ labor 
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time charged against any «n? article of product to the total 
recorded tabor time becomes the ratio of that portion of the 
expense which is to be charged against the article in question. 
It is evid(‘nt that this is a true distribution only in cases when th(‘ 
expense is truly indicated ’by the time of workers. As a matter 
of fact this condition never exists. Some items of expense which 
enter into th(‘ sum total to be distributed bear no relation what¬ 
soever to labor time. To use this nadhod of distribution is 



I 'k;. .‘iO - I'iiiK' curd. 


bound, ther(*fore, to occasion (‘nor, th(' only (‘xcusc for its tolera¬ 
tion being that every other sim])l(* method that has luam devised 
is subj(‘ct to errors of the same general character. 

Another basis whi'*h has b»*(‘n (‘luployed at times is labor cost. 
It may be argued that certain portions of the total expense to b(‘ 
distributed bear closer relation to the cost of labor than to the 
labor time. The employment of this nadhod means that articles 
which hav(' b(‘(m produced by the higher priced skilled labor, and 
so hav(‘ th(* larger items of labor cost, will l)e compelled to ab.sorb 
a larger portion of the overlu'ad than would be the case if the 
distribution were maiie in accordanct' with the direct labor time. 
WlK'ther this is a more just distribution depends on circum¬ 
stances. The skilled labor may b(‘ associat(‘d with high-priced 
tools and (‘(piipment, the maintenance and investnu'iit charge's 
on which make u}) a considc'iable fraction of the total expense, 
and so far as this re'presents the situation the labor cost is a 
better basis than labor time. On the* other hand, it is probable 
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that the cost of supervision beais more heavily upon the jobs 
performed by unskilled labor , than upon those performed by 
skilled, and in the same degree will it be true that the labor time 
method gives the truer figure. 

An analysis of these elements of cost in relation to the directly 
recorded elements leads at once to the idea that the extent of 
utilization of machines may be employed as the basis for distri¬ 
bution. This is true particularly for those processes in which 
practically all steps are carried out on machines. Continuous 
process plants, where the skill of supervisors is devoted largely 
to the adjustment of eejuipment and where labor is dominated by 
the machine, afford instances where machine time is satisfactory 
as a basis of distribution. In carrying out the work, all that is 
necessary is to record the total number of hours that each machine, 
is utilized in the turning out of each individual article, from which 
t.h(‘ total numbeii of machine hours cmi)loyed directly in the 
plant for any given period of time follows. The ratio of hours 
applied to any article to the total for the jdant is the index of the 
portion of the total exjumse that is to be charged against the 
article in question. 

While this gives satisfactory results for industri('s of the 
character referred to, machine time is far from being satisfactory 
for the majority of plants in which the proc(\ss involves labor in 
its more varied forms. For such plants machine tim(! may b(‘ 
made to serve as a basis for the distribution of certain portions of 
the general expense, but to attempt to distribute the entire 
amount gives rise to serious errors. 

A.^a matter of fact, no one of the three simple liases, labor time, 
labor cost, or machine time, is quite suitable for any plant 
engaged in general manufacturing wherein both machines and 
independent labor exert important influences on the cost of 
production. Because no one of these does serv(^ adequately, the 
distribution of expense is the diflRcult task that it is. No perfect 
system has been devised, but various plans have been evolved 
which eliminate some of the errors which accompany the simple 
methods. These more complicated methods require more work 
for administering, but accuracy is not to be expected without 
effort. It is a question simply of whether a method can be 
devised, such that the benefits arising from the greater accuracy 
will warrant the greater expenditure in operating it. Therein 
lies the problem of th(' cost accountant, who must determine by 
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V * 

study of tjic varying characters of the expense items the bases on 
which they may best be related t !0 the items of product, and who 
must decide how far it is worth while to go in making the distribu¬ 
tion by methods truly ac(;urate. 

Two plans only will be mentioned, these being selected to 
indicate the characteristics of methods which have been evolved 
for handling this difficult matter. Under th(; first the several 
items which make up the factory overhead ar<r divided into three 
or more groups. Those items which are of such character that 
the exp(‘nse varies with labor time are distributed on that basis. 
This will include wasted time, heat, light, supervision, (‘mployers’ 
liability insurance, insurance on buildings, and indirect labor. 

Other items which have a closer relation to machine time make 
up the second group, to be charged against the product in accord¬ 
ance with machine time. This may include power, repairs and 
replacements, depreciation of equipment, infeurance on equip¬ 
ment, anti a portion of taxes. There may be included in this 
group some portion of taxes, and such professional service and 
labor as may ])e applied to the supervision and maintenance of 
etiuipinent. When these two groups of expense items have been 
chargt'd against the product and added to the initial direct 
cost, there results what may be termed “corrected direct cost.” 
This corrected cost may then be used as a basis for distribution 
of the other items of overhead expense which remain, including 
administration, selling, designing and development, and various 
general office accounts. Wlu're the work has been well systema¬ 
tized, such a method of distribution mav be administered without 
great expense, and with results which accord more closely to 
true costs than can be secured by the employment of any one 
of the simple bases. ^ 

A second method -termed the “jn-oduction center basis” has 
been devised by A. IT. Church. It has been used with success 
where sufficient attention has been given to making the initial 
studies. The basic idea is that each individual unit of work is per¬ 
formed in a space definitely allotted to it. Presumably one 
worker occupies this space. The space is provided with the 
necessary tools, whether it be an oi)erating machine or bench 
space. One may imagine each of these production centers to be 


* For further details of this system see “Works Management” hy Kn'Ms, 
McGraw-Hill Book Company. 
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assessed in accordance with the value of all equipmentj within it, 
and with full charges for light, heat, [)owcr, and all forms of 
miscellaneous service. The sum total of charges made against 
each center makes up an item which may be considered as rent, 
reduced to the hour as a unit oft time. For each job then* will 
then be recorded the time which was spent at, the various produc¬ 
tion centers so that there can be charg(‘d against th(* job the 
proper amounts in accordance with tin* scale which has been 
prepar(*d. 

However coniplt*t(‘ly this plan may be (lev(*loped, then* are 
bound to be cert.'iin items of (*xp(*ns(* which cannot ]m'perly be 
charged against any of th(‘S(‘ unit sj)aces. 'Fhest* left-over 
expenses must then be charged against product by some one of 
the (*stablishe(l methods, la]K)r time being a common basis.' 


COST CONTROL 


(.'ost keeping is to be considered as an aiil to manag<’rial control. 
This means two things. Information derivc'd from co.st data 
must be immediately available for use in connection with the 
administering of producing departiiK'nts and tin* ch(‘cking of 
all ('xpeiiditun's, direct and indirect; and the cost accounts 
themselves must be laid out in such ft)rm that the indirect 
expenses may be distributed in accordance with the iiiethods which 
give most accurate n'sults, for use in the determining of polici(*s 
(h'pendent upon the costs of tlie various it(‘ms of product. To 
accomplish these obj(*cts the book accounts to b(* carri(*d must 
be considered carefully. 

The gathering of direct data on la])or and materials has b(‘en 
treat(‘d already, and illu.strativc forms of time cards and stock 
records shown. The information carried on these cards is 
assembled and finally ent(*red as charge's against the several 
accounts in accordance with the following general i)lan, it being 
understood that each concern has its own siwcial conditions to 
meet and that no one outline of method can do more than suggest 
th(^ purpose's to be accomplished. 

In the general case an ac(!ount is carried for the'se direct charge's 
for each item of proeluct for which the ce)st is elesired. For a 
plant turning out one continue)us pre)duct, such as cement eir 
refined sugar, the department, cost may be the obje*ctive. Time* 
’ For de;tail.s see “Distrilmtion of Expe'ii.sc Hiinlen,” A. JI. (Imriten. 
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and material card data will be assembled on sheets prepared 
for convenience of summation, and the totals entered on job or 
department cost cards. These cost cards, arc, in effect, separate 
ledger accounts, on which, however, only the debit entries are 
made. Space on the cards is pjovided for entering the amounts of 
factory and general expense which are charged against the job 
or department in accordance with the method in vogue for dis¬ 
tributing such charges. On completion of llu! job, or at time 
intervals for a department, the total cost is sumnK'd up and the 
card is filed away for reference. 

Labor time and material devoted to indirect service* in the 
establishment, which will form portions of the factory and general 
(‘xpense, arc assembled in similar manner for charging against 
appropriate accounts. A list of these accounts is given below. 

After the data have been drawn off on job or special service 
sheets, the time cards arc passed on to the p'ay roll department 
wh(^re the proper entries are made to facilitate* the making up of 
the pay roll at regular intervals. This department carries its 
own charge account, covering the entire* establishment. In a 
similar manne*r the* rnate'rial cards, or their duplicate recorels, are 
used in the stock accounts, amounts issueei on the several 
je)bs being entered as creelits for checking against materials 
receivcel. 

These* simple* state*me‘nts elo ned express the* importance or 
complexity e)f the task e>f distributing labor ee>sts to the* various 
divisions which make iij) the sum te)tal of plant activitie*s. The 
bookke*e*ping part is simple enough, but it requires car^* anel 
judgment in laying out the plan of classification which will 
assign labor and service costs in a rational manner. It has 
been remarkeel be*fe)re that the direct charges should be made to 
cover as large a portion of the total as possible, in order to reduce 
the amount to be tlistributed by proportional methods. With 
a well-dcveloi)ed system, it is practicable to assign a considerable 
portion of the salaries and wages of the superintending staff, 
tool room labor, repairs on machinery, insp(*ctors, timekeepers, 
and other groups of workers, eitlu*r direct to jobs when these 
are large undertakings calling for the entire attention of the plant 
for stated periods of time, or to groups of machines for which 
hourly machine rates may be calculated with accuracy, thus 
making more specific the charges to jobs. After such charges 
have been made, the unassigned portions of the service expense 
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are thrown into the factory expense group for distribution on the 
proportional plan. 

To provide for this semi-direct allocation of expense there 
must be carried a set of charge accounts.within the manufacturing 
department, intermediate between the direct job accounts and 
the factory expense accounts. This should include; 

Superintendent, foremen, etc. 

Shop engineering. 

Planning department force. 

Inspection. 

Tool room. 

Time keepers. 

Move material gang. 

Direct machine repair and special machine set-up. 

This s 3 'stcm permits of the direct charging of a considerable 
portion of the general factoiy service against jobs or departments, 
and therefore of more accurate cost anal.ysis. The method of 
procedure is indicated more clearly by the accompan.ving form 
for summarizing the accounts, with the note attached thereto. 

Other charge accounts in the manufacturing department, for 
recording labor and other expense items not covered in the above, 
and which make up true factory expense, to be charged to jobs 
bj^ the proportional scheme, arc: 

Power, heat, and light. 

Plant service—janitor, etc. 

Euilding rei)air. 

Equipment repair, general. 

Materials handling, general. 

Miscellaneous indirect labor. 

Insurance, machinery. 

Insurance, buildings. 

Taxes, machinery. 

Taxes, buildings. 

Depreciation, machinery. 

Depreciation, buildings, 

Others as conditions may dictate. 

For distributing materials.and supplies to either jobs or depart¬ 
ments a parallel set of accounts may be carried, against which 
material and supplies will be charged, or provision made for such 
entries on the same forms with labor costs. 
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working conditions during the period rovered 

The residue charged into factory expense is totals «'ith the other divisions of expense, power, plant service, insurance, taxes, depreciation, miscellaneous 
labor, and other forms of expense, which must be distributed later by some proportional plan. 
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To provide for an analysis of selling expense, accounts should 
be carried as follows: 

Sales office. 

Sales agencies—one for each branch office. 

Salesmen—salaries, commissions, expenses. 

Advertising. 

Freight and express. 

A suitable distribution of the general ex{>enses is secured by a 
set of accounts which includes: 

Salaries, general officers. 

Clerical salaries. 

Cfoneral office—furniture and supplies. 

Engineering and design. 

Drafting office -salaries and supplies. 

Experimental and development account. 

T ran sport ati on—general travel. 

Garage. 

Legal expense. 

Communications— i)ostagc, telephone, telegraph. 

Buildings—repairs, maintenance, and depreciation. 

Patents. 

General proi)erty not employed in direct plant activities. 

General police and watch service. 

Miscellaneous. 

Others as conditions ina}’ dictate. 

The final stej) is to assemble all items of cost on the cost card. 
The {#ccompanying form illustrates such a card, adapted to 
manufacturing by the jol) order method. 

Segregation of expenses under these numerous accounts might 
not l)e nec(;ssary if the only con.sideration were that of securing 
information on the amounts to l)e distributed as faetory and 
gerjeral expense, or overhead. But herein lies the difference 
between the traditional and the modern methods of cost account¬ 
ing. Detailing of expenditures is necessary for a proper cost 
control. In the evolution of management methods attention was 
(lir(*cted first to the accounting of labor and materials employed in 
direct operations. Investments and sales expense have also been 
accorded caref\il scrutiny. But the great body of expenditures 
which fall into the groups flcsignated as “overhead” has been 
given scant attention. The control of these items is an important 
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task for.the cost accountant, and is a fertile field for intelligent 
study. The manufacturer of the present day is confronted with 
the serious problem of maintaining himscK in the markets of the 
world. To meet compe.tition only one recourse is open to him, 
and that is to reduce production costs. This must lx; done 
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despite adverse influences in tlu' form of high wages, a high 
material market, and a high fuel market. The result will be 
accomplished only through the exorcise of a superior quality of 
management, dedicated to the proposition that every phase of 
operating activity is to bo subjected to most careful scrutiny and 
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brought under control. Exact information is the .basis of 
control. It is a fortunate circumstance that the National Asso¬ 
ciation of Cost Accountants is devoting much of its attention to 
the study of the important question of ‘/expense.”^ 

In the preceding chapter consid«;able attention was devoted to 
graphical records. It should not be overlooked that this form of 
aid to management is closely associated with cost. data. Per¬ 
formance in the meeting of cost standards is readily indicated 
by graphical charts, and much may In? accomplished by their 
use. Information presented in this form is easily understood and 
should b(‘ placed where every worker and every oflicnaL in the 
establishment may see the results. 

Based mainly on combined cost and sales accounts is the 
Statement of Operations of the enterprise, covering some stated 
period of time, either the month or the year. It should be 
gotten out monthh’*for the guidance of the management. Along 
with the monthly statement should be shown the cumulative 
figures for the fiscal year, and also figures for the preceding tw’clve 
months as a moving annual total according to the idea of the 
Z-chart described in the preceding chapter. Tlu' following 
is an illustrative statement for the month alone. 


Statement of Oceuations 

Fok Month Ended Cumt lative kor Year 

-30, 192- ri- to-;K). 192- 

Sales . ^. $(>2,500 2~> 

I.«ss returns.$ 1,300 ,'jO 

Ca.sh discounts. . .. 2,400.00 

Other allowances 125 40 3,825 90 


Net sales. .... ..$58,074 35 

Cost of goods sold... $47,840 05 

Additions through abnor- 
mals; 

Development, prior 1,250 00 

Tool room, debit.. 324.30 48,700.35 


Net income from oper¬ 
ations . $ 9,908 00 

* See article,” Managerial Coritrol through CJosts,” Managemanl Engi¬ 
neering, February and March, 1923 by J. P. Jokdan, President of the 
Association. 
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Statement qf Operations {Continued) 

Ton Month Ended CuMnLATivE koh Yeah 

——30, 192- UP TO-30. 102- 

Other income: 


Cash discounts taken.. ^ 

$1,490 

85 



Interest received.- 

S2 

70 



Miscellaneous * /. 

*42. 

60 

1,616 

15 

Total net income . . 



$11,524 

15 

Deductions from income: 





Interest paid. I 

1 122 

40 



Mtscellaneous..*. 

63 

55 

185 

95 

Wet profit from oper- 





ations. 



.$11,338 

20 

Deduct quarterly dividend 

$8,000 

00 



Deduction for transfer to 





reserve accounts. 

1,600 

00 

9,600. 

00 

Balance trans. to surplus 



$ 1,738 

20 

Surplus beginning of period 



87,420 

42 

Surplus at end of period. 



.$89,158 

62 


The foroRoinR discussion has been directed toward conditions 
in the machine manufacturing industry. This has been so 
because of obvious advantages which come from confining illus¬ 
trations to a specific line. With proper modifications, however, 
the principles outlined may be applied to any activity. 

An inti’resting development has been going on in the standardi¬ 
zation of railway accounts under the direction of the Interstate 
(Commerce C’ommission. The valuation of railway [irojflertics, 
now nearly completed, furnishes the basis for effective super¬ 
vision. To make secure the benefits of that undertaking it has 
been necessary to formulate plans for an accounting practice, 
uniform for all roails, and calculated to give an accurate record 
of c.xpenditures classified so as to show operating costs in the 
several departments. The following outline gives the main 
features of the system. 

Detailed instructions were issued by the Interstate (’ommercc 
(■ommission in May, 1914, prescribing the “Classification of 
Operating Revenues and Operating Expenses of Steam Roads,” 
and also the “Classification of Investment in Road and Equip¬ 
ment of Steam Roads.” These instructions are published in 
pamphlet form by the Government Printing Office, from which 
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they may be obtained. In the form now in force they arc 
designated as the "Issue of 1914." 

The Operating Revenue accounts arc classified under four 
general accounts, namely: 

I. Transportation—^rail line. 

II. Transportation—water line. 

III. Incidental. 

IV. Joint facility. 

I’nder the first are 16 primary accounts, numbered serially 
from 101. They are: freight, passenger, excess baggage, 
sleeping car, parlor and chair car, mail, express, other passenger- 
train, milk, switching, special service train, other freight-train, 
water transfers-freight, water transfers-passenger, water trans- 
fers-vehicles and live stock, water transfers-others. 

Under the second are 8 primary accounts, numbered serially 
from 121. They are: freight, passenger, excess baggage, other 
passenger service, mail, express, special service, other. 

Under the third are 13 primary accounts, numbered serially 
from 131. They are: dining and buffet, hotel and restaurant, 
station, train and boat facilities, parcel room, storage-freight., 
storage-baggage, demurrage*, telegraph and telephone, grain 
elevator, stockyard, power, rents of l>uildings and other propt'rtj", 
miscellaneous. 

The fourth includes as a credit item the carrier’s proportion of 
revenue collected by others in the operation of joint tracks, 
yards,^terminals, and other facilities, and, as a debit item, that 
portion of the corresj)onding revenues collected by the carrier 
but which is creditabk* to other companies. 

Operating Expen.se is classified under eight general accounts, 
namely: 

I. Maintenance of way and structuies. 

II. Maintenance of equipment. 

III. Traffic. 

IV. Transportation—rail line. 

V. Transportation—water line. 

VI. Miscellaneous operations. 

VII. General. 

VIII. Transportation for investment. 
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Under the first are 79 primary accounts numbered serially 
from 201* The complete list wiU not be repeated, but it includes 
superintendence, which covers pay of all officials in that depart¬ 
ment from the vice president down to the last clerk and porter 
having to do with way*and structures; the roadway, bridges, 
ties, rails, ballast, water stations, all buildings for whatever 
purposes, elevators, wharves and docks, power transmission and 
distributing systems, and all service rendered in the care of the 
property. Each type of property has two accounts—one on the 
property itself and one for depreciation on the same. 

Under the second arc 37 primary accounts numbered serially 
from 3?il. . They include superintendence in the motive power 
department as does the list under the first general account; loco¬ 
motives and all kinds of cars in separate accounts; shop machin¬ 
ery, power plant maehin(‘ry, work equipment of all kinds; and 
various expenditures having to do with equipment- and its use, 
such as insurance and miscellaneous expense. Each item of 
rolling stock has three accounts -one the eciuipment itself, one 
depreciation on the same, and one retirements to cover actual 
withdrawal from s(‘rvice. 

Under the third come 9 priiiiaiy accounts numbered serially 
from 3.il. They an* superintendence, outside agencies, advertis¬ 
ing, traffic associations, fast freight lines, industrial and immigra¬ 
tion bureaus, ins\irance, stationery and printing, and “other 
(xpenses." This general account con'csponds to the sales 
d(‘partmeiit account in a manufacturing plant. 

Under the fourth come iiO primary accounts numbered serially 
from 371. They include all operating expense accounts involved 
in the actual moving of trains, such as sui>erintendcnce, pay of 
train crew’s, dispatchers, yard men, signal operation, fuel and 
supplies of all kinds, insurance, and damage claims. It cor- 
resj^onds t,o the operating department of a manufacturing plant. 

The fifth includes 3 i)rimary accounts; operation of ves¬ 
sels, operation of terminals, and incidental—numbered 431, 432, 
and 433. 

The sixth includes G accounts: dining and buffet service, 
hotels and restaurants, gi-ain elevators, stockyards, producing 
power sold, other miscellaneous expenses—numbered 441 to 446. 

The seventh includes 12 primary accounts: salaries and ex¬ 
penses of general officers, same for 6lerks, general office supplies, 
law expense, insuranc(', relief depart merit expenses, pensions. 
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stationery and printing, valuation e;;cpenses, “other expenses,” 
general joint facilities. Dr. and Cr.—numbered from 451 to 
462. 

The eighth is an account covering expense to the road of 
transporting, on transportation trains, men and material for 
construction work. Credits on this account arc concurrently 
charged to property investment accounts. 

Expenditures for Investment in Road and Equipment are 
classified under three general accounts, namely: 

I. Road. 

II. Equipment.. 

III. General expenditures. 

Under the first are 47 primary accounts, numbered from 1 to 47. 
They cover all classes of new construction on the same items of 
property included under Maintenance of Way and Structures as 
mentioned under Operating Expense. 

T'nder the second are 8 primary accounts, numbered from 51 
to 58. They cover steam locomotives, other locomotives, 
freight cars, passenger cars, motor equipment of cars, floating 
equipment, work equipment, and miscellaneous equipment. 

Under the third are 7 primary accounts, numbered from 71 to 
77. They are; organization expenses, general officers and clerks, 
law, stationerv and im'nting, taxes, interest during construction, 
and “other general expenses.” 

It is understood that these exi)enditures represent additional 
investment in the transportation facilities of the road. The 
amount is to be added to the total valuation of property as that 
property existed at the time when the accounting system was 
put into effect, which was July 1, 1914. 

ELECTRIC UTILITIES ACCOUNTS 

The need of uniformit}' in the accounting practice of electric 
utilities has led to the formulation of a system of classification of 
accounts, the general features of which are quite generally 
observed. The Wisconsin State Utilities (Commission detailed 
the plan in 1908. With some modifications in details it is sub¬ 
stantially the same as the system adopted later by the National 
Electric Light Association.^ 

* For a complete description of fhe system see Euwakos' “Electric Light 
Accounts,” McGraw-Hill Book Co. Also the Report of the Wisconsin 
Ckimmission. 
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The prescribed form of rdpdrt under the Wisconsin regulation 
shows the main elements of the classification, and it is reproduced 
in full below. 


Incomk Account •Kokm fok Repout, Aul (^lasskr 


Operating Revenues 

C/Ommercial lighting earnings .Sxxxxxxxx 

Municipal contract lighting earnings.xxxxxxxx 

Commercial power earnings. ... . xxxxxxxx 

Municipal power earnings. xxxxxxxx 

Sales of electric current "to other public utilities... xxxxxxxx 
MisceUaneous earnings from operation .. xxxxxxxx 


Total operating earnings . .Sxxxxxxxx 

Operating Expenses 

Power ... .... Sxxxxxxxx 

Transmission and transformation.xxxxxxxx 

Storage . * xxxxxxxx 

Distribution.... .... .xxxxxxxx 

(’onsumption xxxxxxxx 

Commercial. xxxxxxxx 

Ceneral . xxxxxxxx 

I’ndi.stributed. xxxxxxxx 


Total of above items . Sxxxxxxxx 

Depreciation . . Sxxxxxxxx 

Contingencies ((‘xtraordinary). xxxxxxxx 

Taxes. xxxxxxxx 


Total operating expenses .$ xxxxxxxx 


Net operating revenue or deficit . iSxxxxxxxx 

Non-operating revenues .$xxxxxxxx 


C«ro.ss income or deficit Sxxxx.xxxx 

Di'ductions fnini gross income 
Interest on funded debt .. 

Interest on real estate mortages 
Interest on tloating debt . .. 

C'ontractual sinking fund requirements 
Amortization re.serve requirements . . 

Miscellaneous deductions. 


'lotal deductions .Sxxxxxxxx 


. Sxxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 
xxxxxxxx 


Net income or deficit. 


.... Sxxxxxxxx 
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Income Account Form for Report, All Classes {Contimied) 


Disposition of Net Income , 

Preferred stock dividends.Sxxxxxxxx 

Common stock dividends. xxxxxxxx 

Appropriations to Municipal Funds .. . ■ . . xxxxxxxx 

Other payments from net income* ♦. xxxxxxxx 

Total. . Sxxxxxxxx 

Surplus or deficit for the year.$xxxxxxxx 


li should be noted that the item “Non-operating Revenues” 
comes from the primary accounts of Merchandise Sales, Wiring 
and Installation Work, Rents from all properties. Interest on 
Deposits, Interest from Investments, Appropriations frorn’Munici- 
pal Funds (municipal plants only), and Miscellaneous. Each of 
the other general accounts included in the report is divid(^d simi¬ 
larly into various primary accounts, somewhat as in the ease of 
the railroad accounts. 

A standardized Yorm of balance sheet has also been adopted, 
although not in so fixed a manner. Practice under the National 
Electric Light Association plan differs in titles of items from the 
Wisconsin forms in several respects. The following is a typical 
example, summarized in part: 


Ahheto 


T-iabilitiks 


Property and Plant 


Capital Liabilities 


Cost beginning of year . 

Sxxxxxxxx 

Capital Stock, prefi-rri-d 

^xxxxxxxx 

Changes during year, new con- 


Capital stock, coinniuii 

xxxxxxxx 

struction 

XXXXXXXX 

P'uiided 1 )cbt 

xxxxxxxx 

Cost close of year 

xxxxxxxx 



Treasury Securities 


Mortgage Liabilities 


Treasury Stock 

xxxxxxxx 

Real Kstate Mortgages 

xxxxxxxx 

Treasury Bondi- 

xxxxxxxx 

Other Mortgages 

xxxxxxxx 

Investments 


Current Liabilities 


Stocks and Bonds of other 


Notes and Bills I’ayable 

xxxxxxxx 

compante.c 

xxxxxxxx 

Accounts Payable 

xxxxxxxx 

Other investment!- 

xxxxxxxx 

Interest matured 

xxxxxxxx 

Reserves 


Dividends unpaid 

xxxxxxxx 

Renewal reserve fund 

xxxxxxxx 

Deposits 

xxxxxxxx 

Sinking, Amortization, and 


Sundr.v current aeeount^ 

xxxxxxxx 

special . . 

xxxxxxxx 



Current Assets 


Accrued Liabilities 


Cash .... 

xxxxxxxx 

interest unmatured 

xxxxxxxx 

Notes and Bills Receivable 

xxxxxxxx 

Insurance and Taxes accrued 

xxxxxxxx 

Accounts Receivable 


Dividends accrued 

xxxxxxxx 

Materials and Supplir> 

xxxxxxxx 



Sundry current assets 

xxxxxxxx 



Prepaid Accounts 


Reserve Liabilities 


Prepaid insurance, taxes, and 


Depreciation 

xxxxxxxx 

interest .... 

xxxxxxxx 

Sinking, Amortization, and 


Sundry accounts 

xxxxxxxx 

special 

xxxxxxxx 

Open or Suspense Accounts 


Open Accounts 

. 



Surplus. 

xxxxxxxx 

I'otal. 

txxzsxxxx 

Total ... 

Szzssxsxx 
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THE CAPITAL ACCOUNT 

The treatment of the question of costs can not be considered as 
(complete without a discussion of capital charges in manufactur¬ 
ing enterprises. It is an element of commanding significance for 
the railroads and other public*service corporations, but custom 
has, in the past, eliminated it from cost analyses in the practice 
followed by privately owned and controlled industries. 

In the commonly accepted philosophy of costs, the “total cost” 
of product is the grand .total of all expenditures of the company in 
the conduct of its business, including a depreciation allowance 
made f(TJ* the safeguarding of capital assets, but with the significant 
omission of returns on investment. Out of what is termed 
“profit” must be paid both interest on funded indebtedness and 
dividends on stock. Interest on notes payable and on temporary 
bank loans have been included in the general expense item, but 
the permanent investment has been disregarded. It has been 
accepted as a policy by those having to do with the control of 
investments that whatever was left from income after the 
})ayment of all other obligations was available for the payment of 
vlividends or for further investment according as the directors 
should decide. From the legal standpoint that is a correct 
interpretation. 

But from the standpoint of the administration of producing 
enterprises it is not sound philosophy or a wise polic.y. Capital 
is one of the production factors and is entitled to a wage, just as 
labor is entitled to a wage. The wage paid to capital is just as 
truly an element of cost its is that, paid to labor. Until the*pay¬ 
ment has been made, as inierest on bonds and dividends to 
stock, there can be no true determination of “profit and loss.” 

The ]>revailing practice is unwise as to policy because it 
carries into the accounts an clement of uncertainty, which is 
likely to result in suspicion. It tends to cloud the issue and make 
more difficult the establishment of cooperative relations between 
management and wage earners. It stands, therefore, in the 
way of efficient production. True cooperative measures arc 
impossible so long as there is any lack of frankness and open 
dealing on the part of cither party to the arrangement. The 
time has cfirne in this country when labor is expecting a fuller 
recognition of its jdace in the industrial program. Whether or 
not it will demand a larger part of the returns from industry 
depends upon the extent of its information as to what it is 
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contributing to production. It is important that that informa¬ 
tion be accurate and complete, which it cannot be unless there 
is an accounting of returns to bona fide investments. 

It is fully recognized that an advocate of this change in practice 
has many weighty objections to ‘meet. In the absence of fran¬ 
chise or monopolistic rights accorded to public service corpora¬ 
tions, the company must take its chances in a competitive market 
and operate on a variable income. Those who invest assume a 
risk and should be entitled to returns which are commensurate. 
Any established scale of dividend payment entering into a costing 
plan of the kind suggested must be high enough to cover tke risk in 
a reasonably adequate manner. After all, it is not so much a 
question of the exact amount paid as it is of accuracy in the final 
determination of profit. 

There is involved, also, the practice of witholding dividends 
and reinvesting the surplus, which has been the means of building 
up many great industries. This, however, would not be affected 
by a plan of including dividends in cost of product. The divi¬ 
dend would not necessarily be paid in cash. If reinvested, every 
one would then know how much of the added capital assets 
came from dividends ndained in the busiiKiss and how much 
from true profits. Some stockholdcTs might not want that to 
be known when the time came for declaring stock dividends to 
cover enhanced value of the physical property, but it would 
be in the interests of accuracy, and accuracy in accounting is a 
primary requisite in the conduct of modern business. 



EXERCISES FOR PART II 


1. A group of men has under way plans for organizing a corporation to 
engage in a manufacturing enterprise. The company activities are likely 
to extend into several states, and it may need to engage in transportation 
activities incident to the development of its properties, as also to mine coal 
or produce oil on its land holdings. Its head office is to be in one of the 
central states. 

As chairman of the organizing commitk‘e, prepare a draft of the statement 
of objects of the corporation, to be submitted to the state corporation com¬ 
missioner in application for a cliarter, and make written recommendations 
a.s to the state in which you propose to incorporate, giving reasons for your 
choice. 

Assume the capital stock authorized to be not less tBan $500,000. 

Make recommendations, also, on such matters as time and place of stock¬ 
holders’ meetings, regular meetings of directors, and other major points 
covered in the by-laws of the corporation. 

2. Write a brief article (300 to 500 words) on the rights and liabilities of 
stockholders. 

3. Write a brief article (not over 300 words) on the liability of partners in a 
general partnership. 

4. Prepare a complete contract for some form of construction job. 
Specifications need not be written, but will be referred to as if in existence 
and so “included bv reference” in the contract. Instructions to bidders, 
t he advertisement, and form of proposal will be prepared on the assumption 
that the job is to be let on competitive bidding. Approved jobs are: 
construction of a section of highway, a block of paving, a line of sewer, a 
water juirification plant, a bridge, a building, or an electric power*trans- 
mission line; the building of a specified number of machines or any article 
according to design and specifications already prepared; laying of a pipe 
line of ,s])ccificd size, for which plans have been drawn; sinking of a mine shaft 
with specified method of timbering. 

5. Draw a complete organization chart for a company engaged in one of 
the following activities: a metal working plant which shall include either a 
foundry or drop-forging department, machine shop, assembly department, 
planning department, and die usual auxiliary departments; a steel mill, 
including blast furnace and rolling mill branches; a cement mill; a structural 
steel plant including an erecting department and a fabricating shop; the 
motive power department of a railroad; the operating department of a 
railroad, with a. well-develo])ed plan of divisional organization; an oil 
refinery; a metal mining company with ore treating and smelting depart¬ 
ments; or a large steam-electric power station. 

6. Make a complete analysis of the following balance sheet of a manu¬ 
facturing company, according to the methods developed in Chapter VIII. 
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.4hbeth 


Liabilities 



Plant: Land 

. S 24,000 

Capital stock, common 


400,000 

Buildiugh 

188,662’ 

Capital stock, preferred 


310,000 

Equipinniit 

336,804 

Bonds.. 


400,000 

Raw material on hand 

207,076 

Accounts and bills payable . 


242,915 

Stock, finished and process 

320,989 

Notes at bank. 


20,000 

Bills and accounts receivable 

295,405 

^ond interest due. 


2,435 

Cosh on hand. 

80,425 

Depreciation reservi- 


48,000 

Sundry investments 

9,095 

Other reserves 


77,773 

Patents 

92,000 

Surplus 


59,383 

Total 

Total sales fur the ) eai 

. *1..500,.'>00 
. $1,710,600 

Total 

. $1 

,,500,506 


7. Time, machine, and job order records in a manufacturing plant show 
the following facts: John Smith, a machinist, during the week of,March 6 
to 12, on Monday produced 10% over standard; Tuesday, 15%, below on 
account of tool trouble; Wednesday, 25% below through lack of material; 
Thursday, 40% low because of half holiday; I'riday, 20% over standard; 
Saturda 5 % made exactly standard record. 

An automatic screw machine during same week, on Monday ran full 
tinje; Tuesday lost 1 hr. waiting for set-up man and the operator was absent 
half day; Wednesday ran full time; Thursday half time account of holiday; 
Friday lost 3 hr. account of no orders; Saturday shut down after two hours 
for repairs. Shop runs 8 hr. per daj% 5 lir. on Saturday. 

An order for 200 change speed gears was given the following schedule. 
Issue of stock Monday January 15, first operation to begin January 10; 
second operation January 23; third operation, February 8; fourth operation, 
February 19; fifth operation, March 1; finish, March 0. It was held up on 
the third operation for 3 days on account of the gear-cutting machine develop¬ 
ing trouble. The workman on the fourth operation was absent 2 days, but 
made up 1 day on the schedule, making the job 4 days behind on reaching 
the fifth operation. The job is checked up on March 3. 

Prepare Gantt charts for the three forms of record. Draw' up the charts 
on standard size paper 8H by 11 in. with regular ruling—Man Record and 
Machine Record for two-w'cek period and Progress of Order Chart for three 
months—although the data given will fill only one line on each for a portion 
of the time. 

8. Production records in a cement mill arc as follows: 


]()2] 1922 

Output in Babbels pbb Month Bbi.. Bbi.. 

January. 108,000 96,500 

February (Down for repairs 10 days in 1921) 48,600 87,000 

March (Bad material, 1922) 94,800 72,300 

April. 102,000 104,000 

May (Kiln trouble 1921;. 94,700 106,100 

June. 104,000 97,900 

July (Down for repairs 14 days in 1922) 103,000 52,600 

August. 107,500 106,800 

September. 100,400 104,700 

October. .*. 106,200 99,3(X) 

November (Breakdown in quarry 1922). 98,800 82,100 

December. 107,400 105,900 
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Prepare a Z-chart for 1922 ofleration. Standard output 4,000 bbla. per 
day. * , 

9. A concern employing about 600 men is having trouble holding the 
workers. An investigator delegated to look into the matter finds a labor 
turnover of 100% annually, ir¥)stof which is among the semi-skilled workers, 
in wltich group the average cost of freaking in a man is $4.5. The normal 
output per employee should be $4,.500 .annually, but it Ls found to actually 
be 15% below that figure. The scale of wages paid is fully up to the 
.standard for the locality, liidusirics in the community employ a total of 
some 10,000 men of similar qualifications, but there is no apparent shortage 
of labor as a whole. The spirit of the men in the plant is friendly enough, 
but there seems to be no incentive to good performance. The investigator 
reports ^hat foremen arc working hard but do not have definite ideas of 
standard output; neither do they h.ave time to .study method.s. 

Pre})arc a re|)ort showing a plan of })rocedure to improve conditions. 
First, make an estimate of the saving tliat would be elTected if the labor turn¬ 
over could be cut to 25% and output increa.sed 10% over pre.sent 
performance. Ba.sed oji this .saving, what would you recommend to the 
niunagemcnt a.s an amount which might properly be spent annually in¬ 
stituting better pnictices? Itefer to any type of industry desired, such as a 
structural steel plant with erecting gangs, machine manufacturing pLant, 
textile mill, oil refinery, railroad repair .shofis or any other department of a 
railroad. (He/ncmber that in increasing output the .saving made is measured 
by profit, on the output, not by the increased output itself.) 

10. Cost data aiqilying to the 200 change speed gears being made on the 
.schedule specified in the third section of exercise 7 are as follows: 

Material: 

200 cast-steel gear blanks, jiurchased, 3 lbs. each at 15 cts., $90. 

Direct labor: 

In .lanuary, 106 hrs.; l'’ebruary, 164 hrs.; March, 72 hrs.; hourly rate, 
t)2 cts. [)er hour for all excepting 136 hrs. in February when the job 
was on the gear-cutting machines, for w'hich the rate was 68 cts 
(Cidculate the average rate for February.) • 

Service to be allocated on seiiii-direct basis wdll be determined from the 
several charge accounts, for which the monthly summary sheets will be 
prepared. 'I’hese accounts give the following facts: 


IlCIII 


Tolal of npcouiit 


To I'hurKe on this 
order 


To fin-tory exponsu 



.Inn 

I'ch. 

Mur. ! 

j 

Juu. 

Tob. j Mar . Jiin. 

1 1 

Tub. 1 

1 

Mar. 

Sept. 

. . $2.’i0 

00 #2.‘in.on *2.'i0.oo 

$(5 20 

*2 50, S7..'i0 $8."i.50 *96.00 $122.25 

Korctnaii .. . 

IT.-i 

no i7.'i 00 

ITfi 00 

D 00. 

6.50 8.00 15.00 

12.50 

18.00 

PIniiiiing 1)0)11 

.’ 100 

00 400 00 

4(H). 00 

18 00, 

2.00 6 00 2.'> 00 

40 00 

30.00 

1 aspect or... 

; li'iO 

00 1 l.^) 00 

I.IO (K)l 

2 00 

4.00 6 00 15 00 

12.00j 

14.00 

Move. niut’J... 

. : DO 

oo; DO 00 

100.00' 

l.fiO 

l.OOi 1.50 

1 

1 


Time kuc)><‘i 

. . 100 

00 1 too 00 

100. ooi 

( 

I 

2.00 

2..50| 2.50 

1 

1 

1 
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Prepare the three monthly Summary sheets according to the outline given 
at page 295. Assume two other foremen, not concerned in this job but each 
with the same charges going to factory expense. Also tool room and repair 
gang carrying a total of $100 per month to the factory expense account. 

Factory Expense.—The charge accounts in -this group show the following 


totals for the shop as a whole, annuallj'fl: 

Power, heat, and light.. . . . $8,000 

Plant service, general. 1,800 

Building repair..... 500 

lOquipment rei)air ... 800 

Materials handling, general. 1,000 

Indirect labor, miscellaneous . 5,000 

Insurance, total .... ... 750 

Taxes, total. . 2,000 

Depreciation, lotal... . ... 4,000 

Miscellaneous e.xpensp... ... 1.500 


In distributing factory expense, either of two methods is possible. The 
total of the general annual accounts may be reduced to the amount per 
month and the expense distributed for each month separately, or the 
monthly amounts from the semi-direct accounts may be averaged and 
reduced to the annual total and the total factory expense distributed on the 
annual basis. The first is more accurate, especially for a job-order establish¬ 
ment where conditions are liable to change, but it involves more work. 
Judgment must determine procedure. 

Factory expense wdll be distributed on the basi.s of labor hours. The total 
of direct labor hours for the plant is 244,500 for the year ending Fcbniary 
28. This job has 342 hours. 

Sales and General Expense. 

The primary charge accounts show the following annual expenditures: 


Sales office, salaries and supplies $ 8,900 

^Salesman. . 3,000 

Advertising... .... 1,000 

Freight and express ... . . 1,600 

General officers, salaries ... 15,000 

Other office expense .... .... 6,000 

Design, drafting, and development 8,200 

Legal expense. . 3,000 

Transportation, total. 0,500 

Postage, telephone and telegraph. 900 

General office buildings, including insurance .. 800 

Police and watch service.. 2,400 

Patents. 2,000 

Miscellaneous general expense. 3,000 


General and sales expense will be distributed on the basis of factory cost. 
The total factory co.st on plant output for the past year has been $550,000. 

A job order cost card is now to be drawn up and all entries made for 
this order. Use the first form of card shown on page 297. 






APPI?NDIX A 
CONTRACTS 

Note. —It is not proposed to make of this a complete treat riusiit of 
the subject of contracts. The object is merely to set forth certain 
of tlif niore ol)vious principles with which every man cnRaRcd in 
industrial matters should be familiar. This should be supplemented 
by a more extended reading of the standard works on the subject. 
Two such books which are especially adapted bi engineering practices 
are Tucker’s “(k)ntract in Kngineering” (McGraw'-Hill Book Company), 
and Mead’s “Contracts and Specifications” (McGraw-Hill Book 
Company). • 

An engineer should be familiar with the basic principles of the common 
law touching contracts and contractual obligations. Beyond these are 
many statutory regulations, and, even more important, a great mass of 
court decisions w'hich have established the basis for the construction of 
contracts, through the avenues of custom and practice. In these latter 
realms the man whose study and experience have been limited to such brief 
outlines is bound to flounder and run into almost sure danger unless he 
avails himself of the services of a lawyer in any vital matter where legal 
I)rocossos are involved. It may be said that the most to be gained in this 
discussion is a realization of the importance of scciiring competent legal 
advice. From the actual knowledge of contracts that may be gained here, 
however, the engineer should be enabled to prepare specifications and the 
general provisions of engineering contracts in a manner that will make them 
harmonize with legal principles. If he can do this, he will have acconHjli.shed 
much. In general, the engineer’s work is creative rather than interpretative 
and he should approach the subject with that fact in mind. 


CONTRACTS DEFINED 


The definition of a eonl.act is important. Several arc given for the 
purpose of bringing out the various points. 

A contract is an agreement between competent parties, enforceable at 
law, whereby each acquires a right to what is promised by the other.—Tucker. 

A contract is an agreement in which a party undertakes to do or not to do a 
particular thing.—Chief Justice Marshall. 

The term “agreement” is very frequently used in place of “contract” 
in engineering engagements, and Mead, in his book on “Contracts and 
Specifications,” makes tlic following statements: 

811 
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An agreement is the expression of two'or more persons of a mutual 
intention to affect the legal relations of those persons. 'I'he'term is 
broader than the term contract and may include: 

1. An agreement resulting in a contract. This is an agreement 
which directly contemplates the creation o£ obligations. 

2. An agreement immediately concVided which creates no obligation. 
I'or exam])le, conveyances of land without covenants; gifts; sales and 
deli\cr>' of chattels for cash without warranty, etc. These are some¬ 
times c.alled executed couiraets. 

H. .\n agreement concluded, with incidental or remote obligation. 
For exam])le, marriage, a settlement of property in trust, etc. 

An executory contract is a legal obligation created by agreement and 
enforceable by an action at law; it is one in which at least one p,f the 
})arties has something yet to do. 

A bilateral contract is an c.xeculory contract consisting of an cxpro.ss 
promise of one legal right given in exchange for a counter promi.se of 
another legal right. 

An express contract is a bilateral contract either oral or written, all of 
wliose terms are ae(!cpted. 

An unilateral contract is a half executed, half executory contract, con¬ 
sisting of an e\pre.ss or inferred pnunise of one legal right for another 
legal right. 

An inferred (or implied) contract is an unilateral contract where either 
the act of acceptance, or both the act of acceptance and the promise 
offered are inferred. 

A quasi-contract is a legal obligation created by juire implication 
of law. It is not a contract but may be enforced by legal action. 
(Example: recovery of value of services after same have been rc(]uested 
Avithout expre.ss term.s.) 

A void agreement is one which creates no obligation. 

A voidable contract is one who.se obligation is not binding upon 
one party to the agreement, at his election. 

The •type of contract with which tlie engineer has most to do may be 
styled the cxprfss ixeculory eonlrnet. It. is to it that the definitions of 
Tucker and C’hief Justice Marshall apply, as first given. It may be of 
cither of two kinds: 

1. Contract under seal, or specialties. 

2. Contract not under seal, or parole contract. I'ndcr the common law, 
the following contracts mu.st be under seal: 

a. Gratuitous promises. 

h. Contracts with such eorjiorations as have that jirovision in their 
charters. 

c. Deeds and mortgages. 

d. Bonds. 

In many states, however, statutes have changed this requirement, so 
that one must not be guided entiirely by these statements. 

A parole (or parol) contract is one not under seal. The term "parol” 
is used in certain connections to distinguish an oral from a written statement. 
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In contracts, liovvever, the term is^ised as stated. Tlic vital point at issue 
is that evAi in a written contract, if not under seal, consideration must ho 
proved. The seal in its original sense evidenced consideration and further 
proof is not neees.sary. 

CONTRACT ESSENTIALS 


'rherc are four essential elements in every contract that fulfils the defini¬ 
tions that are accei)ted as being accurate. The provision that a legal con¬ 
tract must be one enftirceable at law has made it necessary t(» i)rescribe certain 
conditions that mast be met. In this, coiirt practice has determined the 
forms, and in the interests of justice there must be established bases on which 
may be,te.sted the various agreements that jieople enter into in order to 
establish t.he facts as to the true intent of t.fie ])arties, as well as to prevent 
the ignorant and the unwary from being imjiosf'd upon. These elements 
are common sense provisions, natural to every normal honest jierson in his 
dealings with others. 'I'hey arc; 

1. The parties must be competent to contract. 

2. The subject matter of the contract, must be lavtful. 

There must be a valuable consideration; ?.c., each jiartv must give or 
promise something that he has the jirivih'ge of keejiing or not doing. 

i. There must be mutual assent or agreement on tlie subject being con¬ 
tracted on; a true meeting of the minds on the exact point at issue. 

For certain kinds of contracts another is reciuired: 

o. 'J’lie contract must be in writing. 

Competent Parties.—This is a matter of di'fimtion and fix-ed statutes. 
In general, anyone may enter into agreenumts oi contracts, but in the legal 
sense exceptions are made in the ca.ses of persons under twenty-one years 
of age, married ^\omen in certain kinds of contracts, lunatics, and drunken 
persons. 'J'lie disability of married women has been nmioved in many states 
under more recent enactments. 


In dealing with persons coming in this list, it is to be remembered that 
.igreemi'iits made are in many eases x'oidable, especially by infants* This 
makes it incumlamt. uium one having to deal with them to investigate 
carefully into the exact status of the persons in (piestion under the laws of 
the particular state whore the contraid is to be made. As regards dealing 
with lunat ICS or drunken persons, it is to be observed that the main issue is as 
to the ability of .such ])arties really to come to a genuine agreement. It is 
likely that the .sipipo.sed contract is void because of failure to comply with the 
fourth condition or essia.tial, that of mutual agreement. 

In the preparation ol the u.sual form of contract, the exiiressed e.xecutory 
type, it is universal practice to start with an exact deiinition or de.scription 
of the jmrties, thus obviating all dilticulties in identifying the status of 
each. With this matter presented clearly at the outset, there is slight 
excuse for anyone who finds himself in trouble in this respect after hax'ing 
neglected to investigate with ordinary care and caution into the legal status 
of the other jiarty with reference to his pensonal competency, or authority to 
act in case he is acting as agent for another. A much used opening clause 
run.s as follow's; 
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This agreement made and concluded this.day of 

.. A. D., ., by and 'between 

.(owner, corporation, agent 

designated by name), of the City of.. 

County of., St{itc of., 

I)artv of the first part, and..(name 

as before), of the City of . , County of 

. , Stale of.. party of 

the second part. 


Beyond this introductory statement it is always wise to make a further 
stipulation as to the interpretation of terms that may be used in the body 
of tlie contract referring to the parties, and also with respect. t<> the recog¬ 
nition of agents duly authorized to act for either party. 'I'he billowing 
clauses are typical: 


Whenever the word owner, or tlie e.xpression “Party of the First 
Part” or ”First Party” are used in this contract, it sliall be understood 
as referring to (name and describe tlie jiarty). 

Whenever the w'oxd “Contractor” or the e.\])ression “Party of the 
Second Part” or “Second Party” are used, it shall be understood to 
mean the person, persons, corporation, or co-partiiershi]) who has agreetl 
to ])erform this contract or to his or their legal representatives. 

Whenever the word “Kngineer” is used in this contract, it. shall lie 
understood as referring to the engineer of the Party of the First Part, 
or such other engineer, superintendent, or inspector as may be author¬ 
ized by said first parly to act in any particular. 

A contractor who has bound himself to perform work of designated 
character is entitled to official notification as to the identity of any super¬ 
intendent or inspector, as referred to above. Until such notice has been 
given him, in which he may justly insist upon a w'ritten statement if the 
contract is written, he will be justified in disregarding instructions from 
anyon^ appearing on the job and presuming to act for the owner. This 
statement is made with reference to the point that the contractor has specific 
rights and that attempts to bind him too closely bj' stipulations may take 
away from him his status as an independent contractor and make him an 
agent for w’hose acts the owner himself cannot escape responsibility. More on 
this point will appear later. 

Lawful Subject Matter.—The most common grounds of illegality in 
contracts in w'hich engineers are likely to be concerned are Trucker): 


1. That the propo.sed contract, violates some stale or fc-doral statute. 

2. That it is contrary to the rules of common law. 

.‘t. That it is contrary to public policy. 

For a full discussion of the.se points the reader is referred to Tucker’s 
“Contracts.” It is to be ob.served that ignorance of the law excuses no 
one, and constant watchfulness is necessary. Under the law, parties enter 
info contracts “at arms length,” each supposed to look after his own 
interests. Especially, the “Lien and Labor” laws of any state or community 
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mnst be understood by those cnierJhg into construction contracts. Sunday 
laws sometimes bring trouble to the unwary. 

The Statute of Frauds is the must rmportant of the express laws that are 
of general application, and care must be observed to comply. There arc 
many provisions corning undpr this heading, but the three following are of 
most immediate interest: ^ 

1. Contracts involving title to land must be in writing. 

2. When the acts contemplated are not to be begun within a year, the 
contract must be in writing. 

3. Contracts for sale of “goods, wares, and merchandise” in amounts of 
some stipulated sum, varying from S30 to $500 in different states, must be 
in writing. This last provision has exceptions, but the point in it all is that 
anyone must inform himself as to the law on the nratters involved. 

As to*contracts opjrosed to common law, attention is called to the follow¬ 
ing matters which may fail under this provision. 

C'ontracts based upon fraud are illegal and unenforceable. 

Changes or alterations in a contract where one party is secured by 
sur(>ties or bondsmen, without the knowledge and consent of the surety, arc 
illegal. In order words, an agreement appearing to bnid a third party can¬ 
not he enforced on that party. 

As to contracts oj)posed to public policy, no iron-bound rules may be laid 
down. The courts must rule as to this, and a contractor must be guided 
by his own sense of right as a public citizen. Collusicm in bidding is a 
frequent temptation and must be avoideJ. 

Consideration. —As before, extended reading beyond the range of this 
discussion is necessary to secure an adequate understanding. It may be an 
act, a forbearance, a jiromise, anything constituting a legal detriment. It 
must have value, although the court will not inquire into the adequacy 
unless fraud is charged. Kven then, the legality will probably rest on the 
other requirement of lawful matter. The abandonment of a legal right 
against the other party or a third i)arty may constitute consideration. 
Giatuitous promises have been defined already. 

Some of the most difficult propositions, or situations to be unraveled in the 
construction business, are met when conditions arise, subsequent to the 
making of the contract, that render one party unable to perform or com¬ 
plete his promise. A remedy often attem|)ted is for the contractor to throw 
up t h(“ jc'b and then offer to eomplete it for some stated addition to the con- 
tract price originally agreed upon. For such a })roposition, even if agreed to 
by the owner, there is no consideration in law. This suggests the care that 
must be exercised in making alterations or additions to any contract. 

In case of actually impossible consideration, and the fact is known to both 
jiarties or to the promisee alone, the contract is void. If the promiscr alone 
knows it, he is bound and must pay damages. The main difliculty comes 
when performance is inqiossible, or impossible without financial ruin, 
because of unforeseen contingencies. Here the promiscr is bound under the 
law and must comply or pay damages, however severe it may seem. In 
deciding the question, the court will inquire closely into the conditions 
and terms of the agreement, but if the promise is clear and unconditional, 
the rule must apply. Here is where “rules of construction” of contracts 
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apply, in the effort to determine the truelntent and meaning of the contract¬ 
ing parties. * 

So great are these difficulties that certain j)rccautionary measures have 
become almost standard. Thus in the case of structures to be built, where 
underground conditions that might affect thCramount of work in putting in 
foundations are not fully known, it haSebecomc the practice to specify some 
normal depth for the jiurpose of securing comparative bids, and then to 
provide a scale of unit, prices to cover additional work. In machinery sales 
contracts there is always the proviso that dales of delivery are conlingcnl 
\ipon strikes or other unforeseen delays. In other ways the contracts usually 
include provisions that serve the purpose of indicating clearly a basis for 
adjustment of conditions as they arise and so avoid hardship by making it 
possible to adjudge the case on the basis of cquit 3 \ 

Mutual Assent.—It is self-CA'ident that there must be an agreement on 
the exact terms. The cases of failure in this respect must be studied closely 
to distinguish between mistakes, misrepresentation, and fraud. (See 
Tucker, pp. 27-30.') In case mistake is proved, as to nature of transaction, 
as to person, or as to subject matter, the contract is void. Misrepresentation 
in its pure form invalylates the contract but does not give cause of iiction f(»r 
damages. Traud does both. It is necessary to distinguish the several 
elements of fra\id, which are as follows: 

1. False representation of a material fact; 

2. Made with a knowledge of its falsity, or in reckless disregard as to 
whether it was tnie tir false; 

3. Made with the intention that it .should be acted upon by the ])laintilT; 

4. And, being believed by him, the plaintiff was induced to act by it; 

5. And he thereby suffered damage. 

In order to secure full understanding and complete agreement on all 
points, certain procedure is necessary in the letting of construction lam- 
tracts where competitive Vuds are being considered. 'J'his applies both to 
construction contracts of tlie ordinary sort and contracts for the jmrehase 
of equipment, in.stallation, etc. In public works contracts, additional care 
mu.st be taken. In mo.st complete form these precautions include the 
following steps, each calling for the ])reparation oi a written form: 

1. Advertisement, giving information as to the letting. 

2. Instructions to bidders, giving in detail exact informat ion to guide those 
who are to bid. 


3. Forms of proposal, prejiared for the purjiose of bringing all bids onto 
the same basis for comparison. 

Fora full discussion of these elements, see Mead's ‘‘Contracts,” Chapter 
IX. 


1'he importance of exercising the utmost care in all these matters cannot 
be overestimated. The novice is almost sure 1.o overlook some point, or 
fail to stand squarely' for e.xact conformity' with instructions. He will learn 
from bitter experience. 


EXAMPLES FOR ANALYSIS 


1. (a) A was paid in advance for high-carbon steel of a spiicified quality, 
which he was to ship to B as soon as it could be made, rjion rea:eiving tlu; 
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metal, B tested it and found it was not up to specification. Therefore, he 
refused tfl accept, and sued for a return of the purchase i)ricc. Should he 
recover? {h) Suppose the metal have be.en shipped by sea, by the 
steamship line named by the buyer, but that the vessel was wrecked and 
the cargo lost. In case B §ues for a return of his nmney, should he win? 
What, facts must he establish? ^ 

2. An important witness in a lawsuit is offered $500 to stay away during 
tlje trial, and does so by leaving the state. Later lie seeks to (uiforce the 
contract against the attorney who made him the offer, (^an he recover? 
(live reasons. 

3. A contractor agrees to build a wall of reinforced concrete as per plan, 
furnishing materials. Lftler he refuses to furnish steel rods enough, because 
of their high price. I’pon your objection, he finally agrees to finish as per 
eonlraid, if you will give him $50 for the last rods, Avhieh you say you will do. 
I’pon completion he sues you for the extra $50. (’an he recover? Why? 

4. A writes to B offering to sell him 50 bbl. of tar for waterproofing at 
$2.50 per barrel. On the same day, but in ignorance of this offer, B writes 
A saying he is in the market for 50 bbl. of tar and that he is willing to pay 
$2..50 jier barrel for it. Without further steps, is there a binding contract 
betw'een them ? Was t here an offer and accejitance, and a genuine “ meeting 
of minds?” 

5. A offers to sell a certain piece of land for $1,000. B makes a counter¬ 
offer to jiurchase for $750, but A declines this. Later B changes his mind 
and concludes to accejit A’s offer t.o sell for $1,0{)0 but now this is declined 
by .4. Has B any rigid against A by which he can make A accept ? 

(i. A and B have t he bouiulrv line between their lots surveyed and marked. 
They acquiesce in the line. l*’ive years later A finds that by a mistake the 
line w'lis located so that his lot is 5 ft. too narrow, ('an he have the line 
changed? 

7. A contract jirovided for erecting an apartment liousc ISO ft. high for 
$50,000. 'J’he structure was completeil, but while $10,000 was still due on 
d, a satute was found forbidding the erection of any building over 150 ft. 
high. 4’hereupon the owner refused to jiay the balanee. What ^vere the 
c< 1 ntractor’s rights? 

S. You are tin* inspector on eonsiruction on a building contract with 
power to dec.idc whether or not the contract is being properly carried out. 
The main contract is in written form, in which you are designated by name as 
the engineer-inspector. At a certain point in the Avork you specify that a 
partition wall be built through a eertiiiii room, the same not being shoAA'n on 
tlie original construetinu drawing. The contractor buihls the partition 
on your jiromise that he Avill receive additional iiaynient on the basis of cost 
of material and labor emidoyed in the extra work. Is the owner bound by 
the terms of this agreement? What are the principles involved? 

NOTES ON, CERTAIN IMPORTANT CONTRACT PROVISIONS 

In the conduct of constmetion work uyder contracts, engineers frequently 
are obliged to interjiret clauses pertaining to the extent and character of the 
work called for. In other instances, ipiestions relating to the purchase or sale 
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t)f equipment lire involved. With the increasing movement of engineers 
into the field of selling it becomes important that they should give’attention 
to vital points in sales contracts. The following comments on current 
practices may thus be of significance: 

In all cases where question arises as to the legality of an agreement, the 
tests must be applied carefully to determjine if any one of the four essentials 
is lacking. In some instances w'herein some contract element is lacking, 
one party may have performed in good faith the whole or part of his work, 
following which some fact appears invalidating the contract as a whole. 
The question then arises as to who bears the cost of the work iierformod. 
If the work is valueless as it stands, the question is complicated, and the 
performer may have to stand for loss. If the work completed has real value, 
then the test question is as to who is the party profiting. If the owner thus 
receives benefit, the contractor may sue for a fair iiaymcnt on the b'a.sis of 
quantum meruit. In effect, this amounts to a recognition by the court of 
the existence of an implied contract, difTering entirely, it may be, from the 
intended contract, but still binding. C’ities sometimes try to hold a con¬ 
tractor responsible for results of work, \i hen some person has received damage 
because of the carrying out of a project, such as the diverting of water from 
its natural channel. 1? such damage arises from the nature of the under¬ 
taking, and not from any fault or neglect on tin* contractor’s part, then the 
latter is safe. The common jirovlso m contracts to tlie elTect that a con¬ 
tractor is responsible for the obscrcance of city ordinances, Imilding regu¬ 
lations, etc., docs not go so far as to hold him liable for the results of the 
matured plan on which his work is based. 

The cardinal principle in construing contracts is to determine the inn' 
intent of the parties by deciding upon tfie meaning of the language (‘rnployed 
as the expression of reasonable aims and in the light of estabhslual ]>racticc 
in the branch of activity involved. 

Alterations and Extras.—-Kvery construction contract. shouI<l r-arrv a 
provision that states definitely the method by which alterations may la* 
made. Whatever the method adopted, it should be kept in mind that m 
essence g new condition is being created, and fully as much care must bt* 
exercised as in making a new contract. Wait urges that when material 
alterations are contemplated they .should be plainly treated in a HU])pleinental 
contract. Extras are of equal import. Wait again says, “Extras arc the 
contractor's aim and the owner's fear." It frequentlj- is stated in contracts 
that no claim for extras will be allowed unle.ss they have been authorized 
and directed in writing by the engineer. In effect, that constitutes authority 
for the engineer to act as an agent for the owner in the matter, and is 
rea.sonab]y safe. It should go further, however, and specify clearly the 
representative of the contractor who may legally receive and act ujiun such 
matters. There is an insidious tendency at the time of letting a contract t<j 
avoid making iron-clad provisions that sensitive piTsons might construe as 
sugge.sting improper motives or suspicions of such motives on the jiart of one 
party. This is entirely an error. Parties contract on a free and equal basis, 
and each must look out for his own interests. A full statement is in the 
interest of clearness, necessary for a genuine agreement or meeting of the 
minds on the exact terms. 
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Payments.—In machinery sales ^sontracts a somewhat similar case occurs 
in arrangihg times and distribution of payments, especially when there is 
involved the service of the manufacturer's men in erecting. For long 
shipments with uncertain freight service, basing the first payment on receipt 
of bill of lading, in effect J-hrows the responsibility of dealing with the 
transportation company in case delay or damage onto the slioulders 
of the purchaser. Even more surely is this done by the stating of the 
amount of the price in the common terms of “f. o. b. mfr’s works with freight 

allowance to.” Both of these provisions may be so 

definitely the policy of the manufacturer that accpiicsccnce is necessary, 
but it must be understood by the purchaser that any variation must be 
stated in explicit terms. • The writer has been able to secure variation at 
times, in dealing with sales representatives, usually by showing the state of 
the puWic mind on municipal deals should it happen that the first payment, 
‘‘HO days after date of bill of lading,” might have to be made before the 
actual arrival of the goods and in the face of possible loss or damage by 
the railroads. The point is, make the best terms one can at the time when 
he is on ctpial terms with the other party, which is wheii the contract is 
being let, and not after .something has happened. It is to be borne in mind, 
however, that in extcn.sive equipment manufacturing contracts it may be 
the part of wisdom and economy on the part of the purchaser even to go to 
the extent of making payment in some part before the construction work is 
comi)leted and with the partially fabricated material in the plant of the 
manufacturer. On the other hand, if on the selling side, one wants to make 
sure in the case of long-deferred final payment, remembering that title does 
not pass until after that payment, that depreciation of the machine during 
operation may not exceed the amount of the early payments. Otherwise, 
if it beconu's neei'ssary fo take possession on default, of payment, one will 
have on his liands a machine of low value. 


Agency 

Kef(*r(mce has t»een made repeatedly to the acts of an agent, respomsibility 
of principal or agent, etc. It is very neces.sary that the more obvious facts 
concerning the relationship be understood, although only a bare statement of 
the underlying principles will be made here. 

Tucker defines agency as “the relation between two or more persons, 
created by a contract, express or inqilied, by which one undertakes with more 
or less discretionary power to represent another in the transaction of certain 
lawful acts or business.” 

Also, “At common law, every person who is competent to act in his own 
right, and for himself, may act by an agent.” 

Agency may be created by an express act or instrument, and under certain 
conditions by implication. 'Fhc latter occurs under conditions of ordinary 
usage as establitthed by well-known previous acts of the principal. 

When one ilcals with an agent he must ascertain the extent of the agent’s 
authority, at his own risk. 

Certain personal and judical acts cannot be delegated to an agent. 
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Theoretically, an agent cannot pass on his authority to another, but in 
actual practice many acts may be so delegated in accordance with custom and 
usage. ' 

Agent’s authority, by Mcchem, consists of: 

1. The powers directly and intentionally conferred by the voluntary act 
of the principal. 

2. 'J'he incidental powers which are reasonably necessary to carry into 
effect the main powers conferred, unless thej'^ are known to be 
prohibited. 

.'1. The powers which custom and usage hav'e added to the main powers, 
and which the parties arc deemed to have Inul in contemplation at the 
time of creating the agency, and wliich are not known to have been 
forbidden. 

4. Of all such other powers as the princii)al has by his direct act, negligent 
omtssion, or acquiescence, caused or permitted persons dc.aling with tin* 
.agent rea.sonably to believe that the principal had conferred. 

5. The p(»wers the agent's exerci.se of which the principal has subseciuenlly, 
with full knowledge of the facts, ratified and confirmed. 


LiriTT.NO TIIF. C’oNTllACT 

In the placing of all contracts for public works, and sometimes in private 
entcrpri.scs, contracts are let on the basts of open bahling. There are certain 
principles to be observed in doing this, and engineers should be familiar 
with the practices which ha\c been fairly well established. The bash; idea 
is to preiserve conditions of exact equality of opportunity for those j)resenting 
their proposals, who are ]iroperly eejuipped for doing the work, and at the 
same time to insure the presentation of bids in such form and with such 
designated subdivisi(tns as will make j»o.s.siblc a comj)ari.son of the j)roposals 
(m a proper ba.sis. 

Complete specifications form the true basis for the prei)aration of estimates 
of co.st on w hich bids must be based. To avoid the expense of sending broad¬ 
cast the bulky specifie.ations, in an attempt to reach all who may desire to 
.submit bids, abbreviated .statements are prepared containing information 
which will enable constructors to determine whether or Jiot they are inter¬ 
ested. This brief statement is luiblished consjucuously in the jnddic pn-ss 
as an advertisement. The list of the items of information which it should 
contain carries in itself an explanation of the purposes to be served, so that 
extended discussion is unnecessary. 

Pol.X'TS TO Uk Co\KI{F. 1> I.\ Till-; .XnVKItTISEMKNT 

1. By whom bids will be receiveil. 

2. Where received. 

3. When received. 

4. Nature of work or material to be furnished. 

5. liocation of work. 
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6. Amqunt of work or material to be furnished. 

7. When contract is to be begun ^nd when finished. 

8. Where plans may be seen or obtained. 

9. Where specifications may be seen or obtained. 

10. What security will be retjuired with proposal. (If residetd bondsmen 
are required, it should be stated.) 

11. What bond will be required with contract. (If resident bondsmen are 
required, it- should be stated.) 

12. When proposals will be opened. 
l.H. When con Tract will l)e awarded. 

14. Other information of interest- or importance to non-resident bidders. 

15. From A^hom general information may be obtained. 

J6. Uvservatiem of rights to reject any or all bid.s, or to waive informalities. 
17. Ollicial signat.ure of officers letting work or receiving bids. 


Instrt’ctto.ms to Bidders 

Supi>lementing tlic .specifications there is usually a statement giving 
instructions t,o bidders on various matters not dirbctly includcrl in the 
spccitication.s themselves. The list which follows shows the points usually 
coA’ored and the order in which they may properly be arranged. 

1. General notice, including time of receiving bids and general character 
of the work. 

2. How sealed, and to whom delivered. 

5. Formalities required in proposals. 

4. Manner of stating prices, 

5. Fstimates. 

0. Where information can be obtained. 

7. Iteservation t,o alter amounts of work. 

S. Iteservation as to amount of wmrk let under single contract. 

5>. Reservations as to time of beginning and completion. 

10. Reasons for rejection of bids. 

11. Security to be retiuired A\itb bid and with contract. 

12. Security with c.oniract. 

13. Miscellaneous recpiircincnls, 

]*’ORM OF rilOPOSAL 

C’areful attention should be given to the explanation of the form in which 
bids are to be made. 3'his is essential to the making of a true comimrison 
to determine the bid most favorable to the owner. There may be natural 
subdivisions on which separate quotations should be made. In purchase 
contracts it. frequently is desirable to award these separate sections to 
different bidders. 'Phere may be special considerations under which the 
W'ork is to b«‘ done or the material siqipliod. Whatever it may be, full 
instructions constitute the only .safeguard*to making a contract equitable to 
both parties, and it should be insisted that the biddt ra conform to all 
requirements in the way of furnishing detailed bids on the several sections. 
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Tlie followinR illusinitRs the idea, although a single form cannot be made to 
cover the many variable stipulations /ippropriate to the multitude of typos 
of contract work. 

The formal statement usually includes: 

1. “The bidder has carefully examined the location, plans and specifi¬ 
cations,” and 

2. “The bid has been made without, collusion or fraud.” (These two 
declarations are commonly embodied in the proposal. They may have 
little legal significance, but serve as a warning.) 

3. The agreed dates of beginning and completion. 

4. Stating the character and amount of security submitted with the bid 
and agreeing to forfeit the same if the bid is accepted and the bidder fails 
to enter the contract as agreed. 

5. An agreement to furnish security and a statement, as t,o the character 
of the same. 

6. The names of subcontractors, when parts of the w'ork are to be sublet 
to other-contractors or manufacturers, and, finally, 

7. The signature of i)rincipals, l.heir place of business, and the signature 
of witnesse,s or an acknowledgment if required. 

PROPOSAL* 

'J'o the Board of Park Commis.soner.s of the of 
Boston for building abutments and wing-walls for a 
bridge at Wood I.sland Park, East Boston. 

I'o the Board of Park C’ommissioners of the City of Boston for building 

abutments .and wing-walls for a bridge at Wood Island Park, East Boston. 

The undersigned hereby declares that he has carefully examined the 
annexeil form of c(»ntract and specifications, and w'ill provide all necessary 
machinery, tools, apparatus, and other means for construction, and do all the 
work, and furnish all the materials called for by said contract and specifi- 
cationsfin the manner prescribed by the contract and the specifications, 

and the requirements under them of the Engineer, for the sum of. 

. (* . ) 

. -Accompanying thw proposal is a certified check for the sum of 
.... . . . , as called f(ir in the fore¬ 

going advertisement. 

No member of the City Council, and no person in any office or employment, 
of the City of Boston, is directly or indirectly interested in this proposal, 
or in any contract which may be made under it, or in expected profits to arise 
therefrom; and this proposal is made in good faith, W'ithout collusion or 
connection with any other person bidding for the same work. 

Name. 

Address. 

When it is desired to have separate bids on subdivisions of the w(»rk, these 
subdivisions arc listed in detail w'ith blank spaces for filling in the amount 

> See Mead’s “Contracts and Specifications.” 
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of the bid on each. This list of subdivisions is inserted in the space provided 
in the above form for the statement gf the amount of the bid. 

PREPARATION OF CONTRACTS 

In a brief treatment of the subfect, such as is given here, little can bo 
done in the way of covering the complex task of writing construction 
contracts. The beat that can be done is to furnish a few good samples 
whicli may be studied as the basis for agreements on simitar work. When 
an enterprise involves any unusual feature.s, the only safe cour.se is to submit 
ttie matter to competent legal counsel. Governmental, state, and municipal 
agreements are commonly made on standard forms which have been developed 
by the»Jegal de])artmcnts. Contracts for the purcha.se of machinery are 
likewise drawn on lines st andardized by the manufacturing companies. 

During recent years efTorts have been made to standardize government 
contracts. The first illustration given below is the result of cooperative 
study by the agencies noted. The second is the form used for machinery 
contracts by the Western Electric Company. 

UNIVERSAL CONTRACT AGREEMENT 
As Applied to Railroad Construction 

This form is the outcome of conferences of representatives of the following 
bodies; 

American Association of St.-ite Highway Officials. 

American Institute of Architects. 

.American Railway Engineering Association. 

.American Society of Civil Engineers. 

American Water Works Association. 

Associated General Contractors of America. 

Federated American Engineering Societies. 

National Association of Builders’ Exchanges. 

Western Society of Engineers. 

INTRODUCTION 

Early in the proceedings of the Joint. Conference on Standard Contract 
Forms, discu-ssion centered upon the q\icstion of arbitration. This subject 
was found to be so inlimateh connected with numerous other provisions of 
the contract, t hat the Conference was obliged to decide at the outset whether 
it would include an arbitration clause or reject the principle of arbitration 
altogether. .After extended deliberation upon the matter, it w-as decided 
that an arbitration clause should be included; accordingly the clause 
submitted by the Drafting Committee, which is practically that of the 
American Institute of Architects, w'as inegrporated in the documents. 

The subject of arbitration proved to be such a complicated matter that 
it w^as not ]»ossiblc at this conference to draft a clause acceptable to all of the 
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representatives, but, in order that the principle itself might be included, 
leaving for further deliberation its proper application, t.he clause submitted 
was accepted. From criticism and suggestions, to be received by tin* 
Conference after the documents have been transmitted to the respective 
associations, it can doubtless formulaic an aci'^eptablc contract provision. 
I’liis explanation is made in order that no one may reject t he whole principle 
of arbitration, on account of the manner in which it is apjdied in the accom¬ 
panying form of agreement. 

That some limitation of arbitration is necessary for succe.s,sful and expedi¬ 
tious execution of construction was voiced by practically all members of the 
Conference, but an adequate expression of this limitation for employment in 
the standard documents was precluded by the limited duration of the 
meetings. 

The first meeting of the Joint Conference on Standard Construction 
C\)ntracts was held December 15, 1921, at the Department, of Commerce, 
Washington, D. C. After a two-day session, opened by Mr. Hoover, a 
plan was adopted for drawing up a system of standard documents embodying 
the following forms: 

a. A I'nivers.al Agreement for contracts between the owner and contractor 
containing those provisions of a general character applicable to any type of 
construction. 

h. A set of general conditions for each division of construction, comjdo- 
inent.ary to the Vniversal Agreement and containing those principles of a 
charactej applicable only to the individual type of work. 

At the second meeting, held April 14, 1922, at the Department of Com¬ 
merce, a form of I'niversid Agreement, with a .set of Budding General Con¬ 
ditions and .sot of liailroad General Conditions complementary tjiereto, wa.s 
submitted by the Drafting Committee for consideration by the Conference. 
These document,s, during two days’ deliberation, were revised in accordanci* 
with views of the representatives, and were then approved by the Conference 
for transmittal to the respective associations for suggestions, these sugges¬ 
tions to be the basis for redrafting prior to adoption of the ilocuments. 

The two contract documents contained in this pam|)hlet are the rnivcrsal 
Agreement as apjilied to railroad work and a set of Railroad rjeneral C-on- 
ditions. These two documents, together with the Flans and Specifications, 
constitute a railroad constniction contract. Following these is presented 
a tabulation of items wherein these documents dilTer from tbo.sn of tin* 
American Railway Engineering Association. 

To facilitate comparing those documents with the Standard Documents 
of the American Institute of Architects and the American Railway Engin¬ 
eering Association, a set of .symbols referring to those Documents is used a.s 
follows: 

Any symbol placed on right hand side of the page designates where the 
subject matter above is found in the A. R.. E. A. Contract, and any 
symbol placed tin the left hand side designates where the subject 
matter above is found in the A. I. A. Ointract. 

'I'he number in the symbol gives the number of the article referred to, 
the letter “A” signifies that the article is in the Agreement of the 
Contract referred to; the letter “G” signifie.s that the article is in 
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the‘General Conditions of the Contract referred to and the asterisk 
indicates that the subject matter above is not treated in the Ckmtract 
referred to. 

In the A. R. E. A. Coi\tract, articles of the Agreement arc not num¬ 
bered and when one of tlieij^ is referred to the letter “P” with a 
number designates a paragraph in that agreement, c. g., P 2 refers to 
Par. 2 of the A. R. E. A. Agreement. 

WARD P. CHRISTIE 

Secretary. 

Notk: Tt luis seemed wise to print in full the above statement ot the con¬ 
ference in order that all may understand the exact conditions under which 
the Universal Agreement was developed. The form is subject, to further 
revishm, but it furnishes the best illustration extfint of the deliberations 
directed t(»ward the important task of establishing a uniform type of con¬ 
struction contract. The author hero acknowledges his obligations to 
rcjiresent ative.s of the conferees for the privilege of using the form. 

THE UNIVERSAL AGREEMENT 

THIS AGREEMENT made the . . . 'day of .... 

in the year Nineteen Hundred and . .by and between 


hereinafter called the Constructor, and . ... 

hcrcinaft.er called the Company 
WITNESSETH, that the Constructor and the Company for the consider¬ 
ations hereinafter named agree as follow.s: 

PART A* 

AKTKM.E I 
Scope of Work 

'I’he C'onstructor .shall perform all the work shown on the DraAvings and 
described in the S]>ecifications ontiiled. 


lliurL' iiiM'it till' i-iiplMiii dcHCriiitivi' of tlio uoik ah iihvd iii tlic I’roposul, Goiicnil Conditions, 

Sfit'oil.cations, iind upon the Drawings) 


jirepared by.... 


acting as, and in these Contract Documents entitled the Chief Engineer, and 
shall do everything required by the General Conditions of the Contract, the 
Specification.s and the Drawings. 

A 1 P2 

“Part “A'’ contains those Articles in which blank spaces are to be filled 
out in preparing the individual contract, and 

Part “B” contains those .\rticles which reqxiire no tilling out of blanks 
for the individual contract. 
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ARTICLE II 

f 

Time of Completion 

The work to be performed under this Contract shall be substantially 
completed... 

(Ilvre insert the dute or datcts of completion, commencement if desired, uiul stipulations us to 

liquidated damages if any) 


A 2 P 3 

ARTICLE III 

The Contract Sum 

The Compsiny shall pay the Constructor for the performance of t lie Con¬ 
tract, subject to additions and deductions provided therein, a sum of money 
as follows: 

(State here the lump sum itiiiouiit, unit prices nr liotli as desiriMl iii iiidividiial casesl 


A3 P 4 

Where the quantities originally contemplated arc so materially changed 
that the application of the agreed unit price to the quantity of work per¬ 
formed is shown to create a hardship to the owner or the Constructor, there 
shall be an equitable adjustment of the contract to prevent such hardship. 

* (»34 A 


ARTICLE IV 


Progress Payments 

The Company shall make payments on account of the Contract as pro¬ 
vided ^.herein, as follows: 

On or about the. . . . day of each month ninety 

per cent of the value, proportionate to the amount of the Contract, of labor 
and materials incorporated in the work and of materials suitably stored at, 
the site thereof up to the first day of that month as estimated by the Engineer, 
less the aggregate of previous payments. 

(Insert here any provision to be made for limiting or reducing the amount retained after the 
work reaches a rertaiu stage of completion) 


A 3 O 36 

ARTICLE V 

Acceptance and Final Payment 

The Engineer shall promptly make final inspection for acceptance upon 
receipt of written notice that the work is ready for such inspection, and 
shall, within.days after the Constructor has fully completed 
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the work, jnake a final estimate of*the work performed, and shall execute a 
certificate over his signature, stating that the work provided for in this 
contract has been completed and accepted by him under the terms and 
conditions thereof; and tlie entire balance found to be due the Constructor 

shall be payed to him within .% .days after he has fully performed 

all of his contractual obligation!* These obligations shall include the 
submission of evidence satisfactory to the Chief Engineer that all pay rolls, 
material bills and other indebtedness connected with the work have been 
paid. 

A3 a 37 

If when the work has bejcn substantially completed, it should develop that 
full completion there^>f is delayed through no fault of the CJonstructor, or if 
for an>rt>thcr reason the Chief Engineer deems it advisable, the Company 
shall, without terminating the contract, make payment in full for that 
l)ortion of the work completed. Such payment shall be made under the 
terms and conditions governing final payment, except that it shall not 
constitute a waiver of claims. 

A 3 

ARTICLE VI 
The Contract Documents 

The General C'onditions of the Contract, the Specifications and the Draw¬ 
ings, together with this Agreement, shall form the Contract, and they arc as 
fully a part of the Contract as if hereto attached or herein repeated; the 
following is an enumeration of the Si)ecifications and Drawings: 


A 4 P 2 

PART B* 

AUTK:LE VII 

Decisions of the Engineer 

The Engine(!r shall, wit hin a reasonable time, make decisions on all claims 
of the Constructor and on all other matters relating to the execution and 
pn)gresa of the work or the interpretation of the Contract Documents. 

G 10 G 25, G 26 


ARTICLE VIII 
inspection of Work 

The Engineer and his representatives shall at all times have access to the 
work wherever it is in preparation or progress, and the Constructor shall 
pnwidc proper facilities for such access and for inspection. 

If the specifications, the Engineer’s instructions, laws, ordinances or any 
public authority require any work to b<^ specially tested or approved, the 
Constructor shall give the Engineer timely notice of its readiness for inspec¬ 
tion, and if the inspection is by another authority than the Engineer, of the 
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diit e fixed for such inspection. Inspections by the Engineer sliall be promptly 
made, and, where practicable, at the spurce of material supply. Inspection 
at the source shall not constitute acceptance of materials subsequently 
damaged. 

If any such work should be covered up witlicsit approval or consent of the 
Engineer, it must, if required by the Eiogiiiecr, be uncovered for examina¬ 
tion at the Constructor’s expense. 

Ke-examination of questioned work may be ordcivd by the Engineer. 
If sTich work be found in accordance with the contract, the Company shall 
pay the cost of re-examination and replacement. If such work be found 
not in accordance with the contract, the Constructor shall pay such cost, 
unless he shall show that the defect, in the wt)rk was caused by another 
('onstructor, and, in that event, the C’onipaiiy shall pay the cost. 

G 13 " G 12 


A K'FICKLE IX 

Correction of the Work Before Final Payment 

The Constnictor shall promptly renH)vc from the premi.ses all materials 
condemned by the Engineer as failing In conform to the Contract, whether 
incorporated in the work or not. aiul tlie Constructi)r shall promptly replace 
atul re-execute his own work in accordance with the Contract and without 
expense to the Company and shall bear the exi)ense of making good all work 
of other Const met ors destroyed or damaged by such removal or replacement. 

If the C’onstmctor does not remove such condemned work and materials 
within a reasonable time, fixed by written notice, the Company may remove 
them anil may store the material at the expense of the Ctmstruclor. If the 
Constnictor docs not jiay the expense of such removal within reasonable 
time thereafter, the Company may, upon ten days’ written notice, sell such 
materials at auction or at private sale and shall account for the net proceeds 
thereof, after deducting all the costs and expenses that should have been 
borne bv the Constructor. 

G 14 ‘ G 1.3 

ARTICbE X 

Deductions for Uncorrected Work 

If the Chief Engineer deems it inexpedient to correct work injured or done 
not in accordance with the C'ontract, the difference in value together with a 
fair allowance for damage shall be deducted, the amount deducted to be 
determined bv agreement or arbitration. 

G 15 G 13 

ARTICLE XI 

Protection of Work and Property: Emergencies 

The Constructor shall continuously maintain adequate protection of all 
his work from damage and shall protect the (’ompany’s property from injury 
arising in connection with this Contract.. He shall make good any such 
damage or injury, except such as may be directly due to errors in the C'on- 
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tract Doqjiments or agents or employes of the Company. He shall ade¬ 
quately protect adjacent property as provided by law and the Contract 
Documents. He shall provide and maintain all passage; ways, guard fences, 
lights and other facilities for protection iiecessilated by public authority 
and local conditions. 

C. 17 O 19, G 6 

In an emergency affecting the safely of life or of the work or of adjoining 
property, the (’onstructor, without special insiniclioii or autliorir.ation from 
the Engineer, is hereby i)ermitted to act, at his discretion, to ])reverit. su(;h 
threatened lo.ss or injury, and he shall so act, without a|)peal, if so instructed 
or authori/ed. Any clairn for compensation on account of emergency work 
•shall be pa.s.sed upon by the Engineer. 

(; 18 .. 

ARTK'LE Xll 
Changes in the Work 

Till' C'oinpany, without invalidating the iiontract, may order extra work 
or make changes by altering, adding to or deductiiyi; from the work, the 
contract .sum being adjusted accordingly. All such work shall be e.vecuted 
under the conditions of the original contract except that any claim for 
extension of time caused thereby shall be adjusted at the time of ordering 
such change.. 

In giving in.structions the Engineer shad have authority to make minor 
changes in the work not involving extra cost and not inconsistent with the 
|)urposes of the work, but otherwi.«e, excejit m an emergency endangering 
life or jiroperly, no extra work or change shall be made unless in pursu¬ 
ance of a written order by the Engineer, and no claim for an addition 
to the contract sum shall be valid unless so ordered. 

The value of any .such extra work or change shall be determined in one or 
more of the following w'ays: 

a. By estimate and acceptance in a lump .sum. 

h. By unit prices named in the contract or .sulxsequently agreed upon, 
c By cost and percentage or by cost and a fixed fee. 
tl. If none of the above methods is agreed upon, the Constructor, 
jirovidcd he receive an order as above, shall proceed with the work, 
no ajipeal to arbitration being allowed from such order to proceed. 

In cases (c) and (d), the C-onstnictor shall keep and pre.sent in such form as 
the lOngineermay direct, ,i correct account of the net cost of labor and mate¬ 
rials, together with vouchers. In any ease, the Engineer shall certify to the 
amount due to the Constructor. Pending final determination of value, 
payments on account of changes shall be made on the Engineer's estimate. 

G L'G 24 G 28, G 29 

ARTICLE XIII 
Claims for Extra Cost 

If the Constructor claims that any instructions by drawings or otherwi.se, 
involve extra cost under this contract, he shall give the Engineer written 
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notice thereof before proceeding to execute the work except in emergency 
endangering life or property, and, in any event, within two weeks o^ receiving 
such instructions, and the procedure shall then be as provided for in changes 
in the work. No such claim shall be valid unless so m.ade. 

(! 2r» * G 29 

AirncLtrxiv 

Payments Withheld 

The Company may withhold or, on account of subsequently discovered 
evidence, nullify the whole or a part of any estimate for payment to such 
extent as may be necessary to protect itself from loss on ac.(H)unt of; 

a. Defective work not remedied. 

b. (’hiinis filerl or reasonable evidence indicating filing of claiivts. 

r. ]''ailure of the Constructor to make payments properly to subcon- 
lract.ors or for material or labor. 

d. A reasonable doubt that the contract can he completed for the 
balance then unpaid. 

e. Damage to another Constructor. 

When all the above grounds are removed payment shall be made for 
amounts withheld because of them. 

(1 2S ('. .Tl-c. (; 3r. 

ARTICLE XV 

Delays and Extension ot Time 

If the Omstructor be tlelayed in the comi)le(ion of the \vork by any act 
or neglect of the Company, or of its employes, or by any other (^instructor 
employed by the. Company, or by changes ordered m the work, or by strikes, 
lockouts, fire, unusual delay by common carriers, unavoidable casualties or 
any causes beyond the Ckmstructor's control, or by delay authorized by the 
Chief Engineer pending arbitration, or by any cause which the C'hief 
Engineer shall decide to justify the delay, then the time of completion shall 
be extended for such reasonable time as the Chief Engineer may decide will 
compensate for such delay. 

No such extension shall be made for delay occurring more than seven days 
before claim therefor is made in writing to the Engineer. In the case of a 
continuing cau.se of delay, only one claim is necessary. 

If no .schedule or agreement, stating the dates upon which drawings shall 
be furnished, is made, then no claim fur delay shall be allowed on account of 
failure to furnish drawings until two weeks after demand for such drawings 
and not then unle.ss such claim be reasonable. 

This article does not exclude the recovery of damages for delay by either 
party under other provisions in the contract documents. 

C. 35 (J 31 

ARTICLE XVI 

The Company’s Right to Do Work 

If the Constructor should neglect to prosecute the work properly or fail 
to perform any provision of this contract, the (Company, after three days* 
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written notice to the Constructor^ may, withAit prejudice to any otlier 
remedy he.inay have, make good such deficiencies and may deduct the'eost 
thereof from the payment then or thereafter due the Constructor. 

G 36 G 33-C 


ARTICLE XVn 

Company’s Right to Terminate Contract 

If the Const motor should be lul judged a bankrupt, or if lie should make a 
general assignment for the benefit of his creditors, or if a receiver should be 
uitpointcd on account of.his insolvency, or if he should persistently or 
repeatedly refuse or should fail, except in cases for which extension of time 
is provhled, to supply enough properly skilled workmen or proper materials, 
or if he should fail to make prompt payment, to sub-contractors, or for 
material or labor, or jicrsistently disregard laws, ordinances or the instme- 
tions of the Engineer, or otherwise be guilty of a substantial violation of any 
provision of the contract, then the Company, upon the certificate of the 
Cvliief Engineer that sufficient cause exists to justify such action, may, with¬ 
out prejudice to any other right or remedy and after^iving the Constmetor 
seven daj's’ written notice terminate the employment of the Constructor 
and take possession <if the premises and of all materials, tools and appliances 
thereon and finish the work by whatever method he may deem expedient. 
In such cjvse the Constructor shall not be entitled to receive any further 
payment until the work is finished. If the impaid balance of the contract 
sum shall exceed the expcn.se of finishing the work, including compensation 
for additional managerial and administrative services, such excess shall be 
paid to the Constructor. If s\ich expense shall exceed such unpaid balance, 
the Constructor shall )>ay the difference to the Company, The expense 
incurred by the C«)mpany as herein provided, and the damage incurred 
l.lirough th(! Constructor’s default, shall be certified by the Chief Engineer. 
C. 37 G 33-B 


AiniCLE XVIIl 


Constructor’s Right to Stop Work or Terminate Contract 

If the work shouUl be stopped under an order of any court, or other public 
authority, for period of three months, through no act or fault of the 
Constructor or of any one cmjdoycd by him, or if the Engineer should fail 
to issue any estimate! within seven days after it is due, or if the Company 
should fail to pay to the Constructor, within seven days of its maturity and 
presentation, any sum certified by the Engineer or awarded by the Arbi¬ 
trators, then the Constructor may, upon three days’ written notice to the 
C’onjpany and the lOngineer, stop work or terminate this contract and 
recover from the Company payment for all work executed and any loss 
sustained upon any plant or material and reasonable profit and damages. 

G 38 G 35 
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ARTICLE XIX 
« 

Damages 

If either party to this contract should suffer damage in any manner because 
of any wrongful act or neglect of t he other party or of any one employed by 
him, then he shall be reimbursed by the other ]iarty for such damage. 

Claims under this clause shall be inad^in writing ix> the party liable within 
a reasonable time of the first observance of such damage and not later than 
the time of final payment, except as expressly stipulated otherwise in the 
case of faulty work or materials and shall be adjusted by agreement or 
arbitration. 

C 'A9 G 15 

ARTICLE XX 

Assignment 

Neither party to the contract shall assign the contract or sublet it as a 
whole without the written consent of the other, nor shall the Constructor 
assign any moneys due or to become due to him hereunder, without the 
previous written consocit of the Chief Engineer. 

G 42 G 7 


ARTK’LE XXI 

Constructor’s Liability Insurance 

The Constructor shall maintain such insurance as will protect him from 
claims under workmen's compensation acts and from any other claim.s for 
damages for personal injury, including death, which may arise from oper¬ 
ations under this contract, whether such operations be by himself or by any 
subcontractor or anyone directly or indirectly employed by either of them. 
Certificates of such insurance shall be filed w'llh the Chief Engineer, if he so 
require, and shall be subject to his ajiproval for adequacy of protection. 

G 19 G 15 


ARTICLE XXII 
Liens 

Neither the final payment nor any part of the retained percentage shall 
become due until the Constructor, if required, shall deliver to the Company 
a complete release of all liens arising out of this contract, or receipts in full in 
lieu thereof, and, if required in either case, an affidavit that so far as he has 
knowledge or information the releases and receijits include all the labor and 
material for which a lien could be filed; but. the Constructor may, if any 
subcontractor refuses to furnish a release or receipt in f\dl, furnish a bond 
satisfactory to the Company, to indemnify it against any lien. If any lien 
remain unsatisfied after all payments are made, the Constructor shall refund 
to the Company all moneys that the latter may be compelled to pay in 
discharging such lien, including all<costs and a reasonable attorney’s fee. 

G 29 G 17 
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ARTJCLE XXIII 
Permits and Regulations 

Permits and licenses of a temporary nature necessary for prosecution of tlie 
work shall be obtained and«paid for by the Constructor. Permits, surveys 
and licenses for permanent Ktru<|tures or permanent changes in existing 
facilities shall be obtained and paid for by the Company. 

1 he Constructor sliall give all notices and comply with all laws, ordinances, 
rules and regulations bearing on the conduct of the work tus drawn and speci¬ 
fied. If the Constructor observes that the drawings and specifications are 
at variance therewith, he shall promptly notify the Engineer in writing, and 
any necessary changes shall be adjusted, as provitled in the contract for 
changes in the work. If the Constructor performs any work knowing it to be 
contrary to such law.s, ordinances, rules tuid regulations, and without such 
notice to the l-aigirieor, he shall bear all costs arising therefrom. 


ARTICLE XXIV 
Royalties and Patents 

■'rhe C-onstruct.or shall pay all royalties and license fees. He shall defend 
all suits or claims for infringement of any patent rights and shall save the 
( i)inpany harmlcs.s from loss on aeccuint thereof, except that the C'ompany 
shall be resjjonsible for all such loss when the product, of a })articular manu¬ 
facturer or manufacturers is specified, but if the ConstrucU)r has infor¬ 
mation that the article sjiecified is an infringement of a patent he shall be 
resiionsible lor such loss unless he promptly gives such information t<» the 
Engineer. 

G :u 

AirrK'LE XXV 
Superintendence: Supervision 

'1 he C'/onstructor shall keep on his work, during its progre.ss, a competent 
superintendent and any necessary assistants, all satisfactory to the Engineer. 
'Phe suiieriutendent shall not be changed except with the consent of the 
Engineer unless the suiierintendent proves to be unsatisfactory to the 
(’onstructor and ceases to be in his ernidoy. The superintendent shall 
represent the ('onstnicdor in his absence and all directions given txi him .shall 
be as binding as if given to the Constructor. Important directions sliidl be 
confirmed in writing to the Constructor. Other directions shall be so con¬ 
firmed on written request in each case. 

The Constructor shall give efficient supervision to the work, using his best 
skill and attention. He shall carefully .study and compare all drawings, 
specifications and other instructions and shall at once report to the Engineer 
any error, inconsistency or omission which he may discover. 

11 C. 8 
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ARTICLE XXVI 
Arbitra^on 

All questions in dispute under this contract shall be submitted to arbi¬ 
tration at the choice of either party to the dispute. 

The Constructor shall not cause a delay of the work on account of any 
arbitration proceedings, except by agreement w’ith the Chief Engineer. 

The demand for arbitration shall be filed in writing with the Chief Engineer 
in the case of an appeal from his decision, wdthin ten days of its receipt and 
in any other case within a reasonable time after cause thereof and in no csise 
later than the time of final payment, except as otherwise expressly stipulated 
in the contract. If the Engineer fails to make a decision within a reasonable 
lime, an appeal to arbitration may be taken as if his decision had been 
rendered against the party appealing. 

No one shall be nominated or act as an arbitrator who is in any way 
financially interested in this contract or in the business affairs of either the 
CCompany or the Constructor. 

The general procedure shall conform to the laws of the State in which the 
work is to be erected. Unle.s8 otherwise provided by such laws, the parties 
may agree upon one arlfitrator; otherwise there shall be? three, one named, in 
writing, by each party to this contract, to the other party and to the Chief 
Engineer, and the third chosen by these tw'o arbitrators, or if they fail to 
select a third within ten days, then he shall be chosen by the presiding 
officer of the Bar A.ssociation nearest to the location of the work. Should the 
party demanding arbitration fail to name an arbitrator within ten days of 
his demand, his right to arbitration shall lapse. Should the other party 
fail to choose an arbitrator within said ten days, then such presiding officer 
shall appoint such arbitrator. Should either party refuse or neglect to 
supply the arbitrators witli any papers or information demanded in writing, 
the arbitrators are empowered by both parties to proceed ex jiarlo. 

The arbitrators .shall act with prf>mptness. If there be one arbitrator, 
his decision shall be binding; if three, the decision of any two .shall be 
binding.^ Such decision shall be a condition precedent to any right of legal 
action, and wherever permitted bj*^ law it may be filed in Court to carry it 
into effect. 

The arbitrators, if they deem that the case demands it, are authorized to 
award to the party whose contention is sustained such sums as they shall 
deem proper for the time, expense and trouble incident to the appeal, and if 
the appeal was taken without reasonable cause, damages for delay, 'I'lie 
arbitrators shall fix their own compensation, unless otherwise provided by 
agreement, and shall assess the costs and charges of the arbitration upon 
either or both parties. 

The award of the arbitrators must be in writing and, if in writing, it shall 
not be open to objection on account of the ft)rm of the proceedings or the 
award, unless otherwise pn>vided by the laws of the State in w'hich the work 
is to be erected. 

In the event of such laws providing on any matter covered by this article 
otherwise than as hereinbefore specified, the method of procedure through- 
out and the legal effect of the award shall be wholly in accordance with the 
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said State laws, it being intended Hereby to lay down a principle of action to 
be followed, leaving its local applications to be adapted to the legal require¬ 
ments of the place in which the work is to be erected. 


G 45 


AltTICLE XXVII 

Execution, Correlation and Intent of Documents 

The Contract Documents shall be signed in duplicate by the Company 
and Constructor. In case of failure to sign the General Conditions, Draw¬ 
ings or Specifications the_ Engineer shall identify them. 

The Contract Documents arc complementary, and what is called for by 
anyono shall be as binding a.« if called for by all. Tbe intention of the 
(locumcnts is include all labor and materials, equipment and transpor¬ 
tation reasonably necessary for the proper execution of the work. It is not 
intended, however, that materials or work not covered by or properly 
inferable from any heading, branch, class or trade of the specifications shall 
be supplied unle.ss distinctly so noted on the drawings. Materials or work 
described in words which so applied have a well kpown-teohnical or trade 
meaning shall be held to refer to such recognized standards. 

G 2 G 3 

'rhc Constructor and the Company for themselves, their successors, 
executors, administrators and assigns, hereby agree to the bdl performance 
of the covenants herein contained. 

IN WITNESS WIIEKEOK they have executed this agreement, the day 
and year first above written. 


Standard General Conditions -Railroads 

SECTION 1—Principles and Definitions 

a The Contract Documents consist of the Agreement, the General 
(’onditions of the Contract, the Drawings and Specifications, 
including all modificatjons thereof incorporated in the documents 
before their execution. These form the Contract. 

G 1 PI 

h. The Company, the Constructor, the Engineer and the Chief Engin¬ 
eer arc those named as .such in the Agreement. The last three 
are treated throughout the Contract Documents as if each were 
of the singidar number and masculine gender. 

G 1 * 

c. Wherever in this Contract the word Engineer is used, it shall be 
understood as referring to the Chief Engineer of the (kmipany, 
acting personally or through an assistant duly authorized in 
writing for such act by the Chief Engineer, and wherever the 
words tdiief Engineer are used it shall be understood as referring 
to the Chief Engineer in,person, and not to any assistant 
engineer. 


G 24 
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d. The term subcontractor, as emf>loyed herein, includes only those 
having a direct contract with the Constructor and ii includes 
one who furnishes material worked to a special design according 
to tlie plans or specifications of this work, but does not include 
one who merely furnishes material ^not so worked. 

G 1 

€. The term “work” of tlie Constnietnr or Subcontractor includes 
labor or materials or both, equipment, transportation, or other 
facilities necessary to complete the contract. 

G 1 ' * 

/. All time limits st.ated in the Contract Documents arc of the essence 
of the contract. 

G 1 P2 

g. The law of the place of building shall govern the construction of this 

contract. 

G 1 * 

h. No work shall be done at night without the prevums approval of the 

Kngincer. 

• G 12 

f 

SECTION 2—Constructor’s Understanding 

It is understood and agreed that the Constructor has, by c.T,rcful exami¬ 
nation, satisfied himself as to the nature and location of the work, the con¬ 
formation of the ground, the character, quality and quantity of the materials 
to be encountered, the character of equipment and facilities needed pre¬ 
liminary to and during the prosecution of the work, the general and local 
conditions, and all other matters which can in anj' way affect the work under 
this contract. No verbal agreement or conversation with any officer, agent 
or employee of the Company, either before or after the execution of this 
contract, shall affect or modify any of the terms or obligations herein 
contained. 

* G 2 

SECTION 3—Drawings 

a. Copies Furnished —l'nle.ss otherwise provided in the Contract 
Documents the hinginecr will furnish to the Constructor, free 
of charge, all copies of drawings and specifications reasonably 
neces.sarv for the execution of the work. 

G 4 ' • 

h. Detail Drawings and Instruciinns —The Kngineer shall furnish, wdth 
reasonable promptness, additional instructions, by means of 
drawings or otherwise, necessary for the jiroper execution of the 
work. All such drawings and instructions shall be consistent 
with the Ckintract Document,s, true develojmuints thereof, and 
reascjiiably inferable therefrom. 

G 3 * 

c. Copies of the Work —The Constructor shall keep one copy of all 
drawings and specificaticuis on the work, in good order, available 
to the Engineer and to his reiiresentativcs. 

G ti * 
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SECTION 4—Materials, Appliances, Transportation 

Unless otherwise stipulated, the Constructor shall provide and pay for all 
materials, labor, water, tools, equipment, lij?ht, power and transportation 
and other facilities necessary for the execution and completion of the work. 
G 12 PI 

SECTION 6—Property and Right of Entry 

The Company shall provide the lands upon which the work under this 
contract is to be done, except that the Constructor shall provide land 
required for the erection of temporary construction facilities and storage of 
his material, together with right of access to same. 

The Constructor shall hot ship any material or equipment until he has 
received w’riltcn notice fn>m the Engineer that he may proceed w^ith said 
work or any jjart thereof. 

(J 32 G 30 

SECTION 6—Notice—How Served 

Any notice to be given by the Company to tlie Constructor under this 
contract shall be deemed to be served if the same be delivered to the man in 
charge of any office used by the Constructor, or to his*forcman or agent at or 
near the work, or deposited in the postotTice, postpaid, addressed to the 
('onsiructor at his last known place of business. 

CJ 1 G 34-b 

SECTION 7—Rights of Various Interests 

Wherever work being done by Company h>rces or by other Constructors 
is contiguous to work covered by this contract the respective rights of the 
various interests involved shall be established by the Engineer, t<o secure the 
completion of the various portions of the work in general harmony. 

G 45 G G 

SECTION 8—Timely Demand for Points and Instructions 

I'he Constructor shall provide reasonable and necessary opportunities 
.‘•nd facilities for setting points and making measurements. He shall not 
proceed until he has made timely demand upon the Engineer for, and has 
received from him, such points and instructions as may be necessary as the 
work progresses. The work shall be done in strict conformity with such 
|>oints and instructions. 

G 3 G 9 

SECTION 9—Staking the Work 

The Constructor shall give the Engineer reastJiiable notice of starting new- 
work and shall provide hii*i with any assistance required in staking or 
measuring the w'ork. 

SECTION 10—Preservation of Stakes 

The Constructor shall carefully preserve bench marks, reference points and 
stakes, and in case of willful or careless destruction, he shall be charged with 
the resulting expense and shall be responsible for any mistakes that may be 

caused by their unnecessary loss or disturbance. 

* 


G 11 



338 


MANAGEMENT ENGINEERING 


SECTION 11—^Reporting Errors and Discrepancies 

If the Constructor, in the course of the work, finds any discrepancy between 
the plans and the physical conditions of the locality, or any errors or omis¬ 
sions in ])lans or in the layout as given by said points and instructions, it 
shall be his duty to immediately inform the Engineer, in writing, and the 
Engineer shall promptly verify the sam*. Any work done after such dis- 
coverv, until authorized, will be done at the Constructor’s risk. 

G 30 G 10 

SECTION 12—Order and Discipline 
The Contractor shall at all times enforce strict discipline and good order 
among his employees, and any employee of the Constructor who shall be 
incompetent, disorderly or intemperate, or in any other way disquali¬ 
fied for or unfaithful to the work entrusted to him, shall be dis«ih!irgcd 
immediately on the request of the Engineer, and he shall not again be 
employed on the work without the Engineer’s written consent. 

G 12 “ G 20 

SECTION 13—Intoxicating Liquors and Drugs Prohibited 

The Constructor, in so far as his authority extends, shall not permit the 
sale, distribution or use of any intoxicating liquors or drugs upon or adjacent 
to the work, or allow any such to be brought upon, to or near the property 
of the Company. 

* G 22 

SECTON 14—Hiring Company Employees 

The Constructor shall not employ or hire any of the Company’s employees 
without the permission of the Engineer. 

* G 21 

SECTION 15—Settlement for Wages 

Whenever, in the opinion of the CUiief I'mgineer, it may be necessary for 
the progress of the work to secure to any of the employees engaged in the 
work under this contract any wages which may then be due them, the 
Coinpapy is hereby authorized to pay said employees the amount due them 
or any lesser amount, and the amount so paid them, as shown by their 
receipts shall be deducted from any moneys that may be or become payable 
to said contractor. 

G 28-C G Hi 

SECTION 16—Fire Insurance 

The Constructx)r shall secure in the name of the C'cmpanj', policies of 
fire insurance in amount, form and companies, satisfactory to the Chief 
Engineer, upon such stnictures ami material as shall be specified by the 
latter, payable to the Company f<ir the benefit of the (Constructor or the 
(Company as the ('hief Engine<‘r shall find their interests to appear. 

G 21 G 11 

SECTION 17—Work Adjacent to Railroad 

W’herever the work embraced in this contract is near the tracks, structures 
or buildings of thi.s Company or»of other railmads, the (Constructor shall 
use pmper care and /igilancc to avoid injury to persons or property. The 
work must be so conducted as not P* interfere with the movement of trains 
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or other •perations of the railroad; or, if in any case, such interference be 
necessary, the Constructor shall ntrt. proceed until he has first obtained 
specific authority and directions therefor from the proper designated officer 
of the Company and has the approval of the Engineer. 

* ' G 18 


SECTION 18—Bond 

The Constructor shall, at the time of the execution and delivery of this 
contract and before the taking effect of the same, furnish and deliver to the 

company a written bond of indemnity to the amount, of-dollars, 

in form and substance and with surety thereon satisfactory and acceptable 
to the Company, to insure the faithful performance, by the Constnictor, of 
all the^covenants and agreements on the part of the Constructor contained in 
this contract. This bond shall remain in force and effect for the full amount 
or such smaller sum as may at any time be specified by the Chief Engineer. 
G 22 G 1 


SECTION 19—Status of the Engineer 

The Engineer shall have general supervision and direction of the work. 
He has authority to stop the work whenever such stoppage may be neces¬ 
sary to insure the proper execution of the Contract. He shall also have 
authority to reject, all work and materials which do not conform to the 
contract; t<i direct the application of forces to any portion of the work, as in 
his judgment is required, and to order the force increased or diminished, and 
to decide questions which arise in the execution of the work. 

G 9 G 25 


SECTION 20—Order of Completion; Use of Completed Portions 

The (Constructor shall complete any portion or portions of the work in 
such order of time as the Engineer may require. The Company shall have 
the right to t,ake iiossession of and use any completed or partially completed 
portions of the work, notwithstanding the time for completing the entire 
work or such portions may not have expired; but such taking possession ami 
use shall not be deemed an acceptance of the work so taken or used or any 
l)art thereof. If such i)rior use increases the cost of or delays the work, the 
(Constructor shall be entitled to such extra compensation, or extension of 
time, or both, as the Chief Engineer may determine. 

♦ G 27 

SECTION 21—Suspension of Work 

The CJompany may at any time stop the work, or any part thereof, by 

giving. day's notice to the Constructor in writing. The work shall 

be resumed by the Construcior within ton (10) days after the date fixed in 
the written notice from the Company to the Constructor so to do. The 
Company shall not be held liable for any damages or anticipated profits on 
account of the work being stopped, or for any work done during the interval 
of suspension. It will, however, pay the Constructor for expense of men and 
teams necessarily rctaineil during the interval of suspension, provided the 
(lonstructor can show that it was not reasonably practicable to move these 
men and teams to other points at which they could have been employed. 
The Company will further pay the Constructor for time necessarily lost 
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during such suspension at the rate of.% per annum on the 

estimated value of*materials, equipment and fixtures furnished by the 
Constructor on the work which are necessarily idle during such suspension, 
said rate being understood to include depreciation, interest and insurance. 
But if the work, or any part thereof, shall be stepped by the notice in writing 
aforesaid, and if the Company does not^iv'c notice in writing to the C’on- 

structor to resume work at a date within.of the date fixed in the 

wril ter notice to suspend, then the Constructor may abandon that portion 
of the work so suspended and he will be entitled to the estimates and pay¬ 
ments for all such work done on the portions so abandoned, if any. 

* ^ C 32 

SECTION 22—Annulment without Fault of Constructor 

The C'ompany .shall have the right at any time, for reasons which appear 
good to it, to annul this contract iipon giving thirty days’ notice in writing 
to the Constructor, in which event the Constructor shall be entitled t<» the 
full amount of the e.stimatc up to the time of such annulment, including t he 
retained percentage. The Constructor shall be reimbursed by the C’om- 
pany for such expendite.res as in the judgment of the Chief Engineer arc not 
otherwise compensated for, and as are recpiired in preparing for and moving 
to and from the work; the intent being that an equitable settlement shall be 
made with the Constructor. 

* G 34-A 

SECTION 23—Removal of Equipment 

In the case of annulment of this contract before completion frotn any caiis<' 
whatever, the Constructor, if notified to do so by the Company, .shall 
promptly remove any part or all of Ids equipment and supplies from the 
projierty of the Company, failing which the Company shall have the right 
to remove such equipment and supplies at the expense of the C^onstructor. 

* G 34.C 


SECTION 24—Monthly Estimate 

So long as the work herein contracted for is prosecuted in accordance with 
lh(! jirovisions of this contract, and with such progrc.ss as maj' be satisfactory 
to the Chief Engineer, the said Chief Engineer will on or about the first 
day of each month, make an approximate estimate of the proportionate 
value of the W’ork done and of material furnished nr delivered upon the 
Companj'’s property at the site of the w'ork, u]) to and including tlie last, 
day of the previous month. The amount of .said estimate, after deducting 

.% and all previous payments, sh.all be due and payable to 

the Contractor at the office of the Treasurer of the C'ompany on or about 

the.day of the current month. 

• G 3f) 


SECTION 23—Subcontracts 

The Constructor shall, as soon as practicable after the signature of the 
contract, notify the Chief Engineer‘in writing of the names of subcontractors 
l)ropo.sed for the work and shall not employ any that the Chief ICngineer may 
within a reasonable time object to as incompetent or unfit. 
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The (.'oiistrucihir tinroes thal, Mi is fis fully rnspoiisihle l,o llic Company 
for the Acts and omissions of his suhconl.raotors and of persons cither 
directly or indirectly employefl l)y them, as he is for 1 lie nc.ls ami omissions of 
persons directly em^iloyed by him. 

NothinR contained in the f^ontract documents shall create any contractual 
relation between any subcontra'-tof and the C'ompanv. 

CJ 4:1 G 7 

SECTION 26—Indemnity 

'I'lie ('outniclor shall indeninif.v' and save harmless the Company from and 
MKainst all losses and all claims, ilemands, jiaymcnts, suits, actions, recoveries 
and judtrments of every nature and descri[)tion brouj!;tit or recovered against 
it, bv reason of any act. or oniis-'ioTi oi the said Contractor, his agents or 
eniplotTes, in the execution of ilie work in consetpience of any negligence or 
careh'ssiiess m guarding tlie same. 

G ‘Mi G 15 

SECTION 27 -Cleaning Up 

The (^msl nictor shall, as directed bv the l aigmeer. remov'e from the 
Companx’- ]iro|>erlv and from ail |»ublic and jirivaU’ jiropcrtv, at Ins own 
exj>eiis(‘, all temporary structures, rubbish and waste materials resulting 
from Ills oiieralions. G 23 
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MACHINERY SALE CONTRACT 

■ I'oriii Used b> the- ^^es^crn I'dectric Co.') 

PROPOSAL 

Dated 

The ('ompaiiv. hereinafter called the Coiii- 

jiany, .'submit'' loi eeiisideration the tollowmg proposal lor I'.Tectrical 
.\pparatus to 

t 

hereinaitei called the I’urchaser. When this proposal is accepted atid 
signed m diijilicate bv the I’lircliaser .Mid coiintersigneil at . . ., 

by an ollicer oi the Company, or a man;iger theri'of, it shall beiouie a con¬ 
tract and constitute an agrivmeiit bet ween the parties herido. 

'I’lie (’oiiiiiany agrees to riMiiish the Purchaser under this propo.sal the 
apparatus hereinatti'i mentioned, and agrees to jierform all work in accord¬ 
ance with the attached. jiages of specifications, which 

togi ther with flic giiarainei's and sjiecial agreements nieiitioiied in the 
specifications, are made a part liereol. 

All previous communications, eillier verbal or written, w’ith reference to 
the snbjeet matter of this agreemeiil are hereliy wit lidrawn and annulled, and 
tliis proposal or contraet sliall be modihed only by a duly approved supple¬ 
mentary agreemi'iit. 
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.ma\a<;j<:me\t E\aiM':ERL\(.' 


List of Aft [tanil us to hi /•'uruishat: 


Pnrr. Ill (•(Misn.lonitioii of tlio jiliovo-iiicntioiK'd fipparjitus furnisliod 
\nidor tlio jirovisions luMoin infulo. Ilir T*urcli:is<‘f Mffrccs 1o pay tin' Company 
1 ho Sinn of 

-Dollar.'' 

Tirms. 'riic above amount i'])ecili<‘d ].>< not subject to casli di.sccuint and 
is to be paid at the oHice ol (be ('om])an_\, locati'd at ... 

in tlu' follow mu nianm'r 


.\11 paxmenl' aboM- juovided lor .-ludl bear mtt'rest at llii' r:lfe of <» 
lH*r annum after lliev tu'come due. Ml easli shall be paid in New 
Y(^rk or Cliieauo e\clianfie 

It sliipnieiit ol ajiparatus herein .'iieeilied, or an\ part thereof, is delayed 
b\ any eau.'e for which tin' imrchasci i- direcllv or indirecllv resjMinsible, 
the dull' ol comjik'tion of sanl ap|iar;iliis by the ('oiiipanx .shall be regarded 
a.s the date of .shipnieift in deicrmnunf!: when pin'ineiils for said apiiaratu.s 
are to lie made. If all the atiparatus should not be forwarded on the .same 
date. j)io lata ]>;n nn'iit.s shall be made lor ]>artial pa.\'menis. 

hilii'ii')/. 'I'Ik' t'omjjaiix ajiiees io ship said apparatus 
days alter the dati* of tin* aceepiaiici' ol this contiaci bv the ('oiupanv, 
or as near to t hi' flat e as it s sho}i coinlit ions will a Mow . the ~hop coin lit ions at 
the time ol execution of this contract beiiiu such as to ui'*' the t'oinpany 
reason.abh' assurance that the almve sjieeitied deln ei v flate can be met,. 
The time oi deliverv is de])endent upon the promptne.ss ol the i’urcha.ser in 
furnishing all inlorniation the <'onipan\' ma\ deem neei‘ssar\ reuarditiK 
details which aie to be deterniineil b\ the I’lireliaser, 'I'he ('onipany shall 
not be held liable ioi flela\ caused b\ fire, strikes, iio|s. or anv other cause 
beyond its control 

J nfruiqi III! Ill of I'lili Ills 'I'he ('omjianv agrees that it will, at its own cost, 
deb'iid an\ smt- that ma\ be iiisiitutetl bv anv jiartv auainsl the Purchaser 
lor alletreil inlrinueinent ol jiatents, when such alleueil inlnriuement shall 
relate to tin ajiparatus lurnislied urnh'r this proposal and for which the 
Purchaser shall have made all pa\ments then dm-, jiroviih'il that immediati' 
notiee f>f the institution of such suits be uiven b\ the |Mirchaser to the 
Company, and that the Ihirchaser shall jiermit the Coiiiiiatn. throuuh its 
counsel, to defeinl the sanu', and shall jiive the ('ompaii> all needeil infor¬ 
mation, assistanei', and au1hont \ to enable it to <lo so, ami in ca.se of a final 
award of damages in such suits the Compaiiv shall jiay such awards. Imt it. 
shall not be responsible for anv comjiromise made without its written con¬ 
sent, nor shall it be bouiiil to defend anv suits or to pav an\ ilamaKC's t herein 
when the .same shall arise by the reason ol the use of parts not furnished by 
the (kiinpany under this jirojiosal. 

TUle. to FtojutIi). The litlr- and rijilit of jio.ssi'ssion to the apparatus herein 
specififttl remains in the Companv until all payments hereunder (includiiip; 
deferred payments, and anv notes oi renewals thereof, if any) .shall have been 
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fully ruade iti cash, and it is agmed the said apparatus sliall remain the 
personal property of tlu' Company vvhatevtir may be tlie mode of its attach¬ 
ments to the realty or ot liervvise, untilrfully paid for in cash. Cpon failure to 
make payments, or any of them, as herein specified, the C'ompany may retain 
any and all partial payments wliich have biicn made, as lupiidated daina^^es, 
and shall b<‘ enlilhid 1o ijike immednile possession of said ])roperty, and be 
free to enter the ]m:mises when; said ajiparatns may be located, and to 
remove the same as its property without jirejudiee to anv lurlher claims on 
account of dama(re wliicli the ('omjiany may suffer from any cause. 

Protrctiuii, to J^ropcrlif. 'I'lie purchaser agrees to reimburse the Company 
for all loss .and exyiense to it resultinfj; from damages to or destruction of said 
property throufih any cause other th.an the Compain s fault, subsecpient to 
such delivery. 

Irisfforlion. The ('xpense ol all inspections or tots of tin* yirojiertv fur- 
nislaal under tlie terms hereol, other than the usual mspeetion .and test made 
in the shojis of tlie Company, sliali be borne bv the I’urclia.ser, unless other¬ 
wise sjiecifieil herein. 

1 nalalLalioii. All apparatus covered bv this jiroposal shall be installed by 
and at the expense ol tlie rureliaser, iiiile.ss otherwise specified lierein. 

ishould the I’lircbasra- desire the sorviees of o.\])(*i-t installers to super¬ 
intend the erection of (he apparatus eox'ered hy this jiroyiosal, tlie sum ol 
S. . . . pc'r da\, phis traveluiff and holel evpen.MV. is to be yiaid by 

tbe I’urehaser for earl) expert lor the time lie i- away from the Company's 
works. 

If the Comjiain i' io delni'r .and erect tlie apii.aratus covered liy Ihi.s 
proposal, till' rurcha-'er aarees to lurnish, without eharfue, suflieientopenings 
of profiei size to f-uM the apparatus to foundations, all necessary storage, 
rights of wav, iieniiits, and authority for the installation of the ayiparatiis 
herein yirovided foi. and to rcamburse the Company for any losses incurred 
b> reason of delay in starting tlie plant and comiileting the work that are not 
cfiargeahle to (he ('omp.‘in,\ 

The Company agrees i hat the installation, if made by it, shall be done in a 
tborongh and workmaii-Iike manner. 

I’nh'ss otlierwise expressb' slipuhited, it is nndiTstood tliat all wiring will 
be lurnisheil, installed, ;iiid completi'd by tbe Pureliasor. terminal lugs 
on eonimelion boanls are to be tiinii.sbed by the C(>mji:in\. 

(ruaraiiii/. The (Vuiipany guarantees the materi.al used in the eoiislme- 
tion of the ajiparalns eoven*d by Ibis jiroposal to be ol (he best kind and 
<iunlity .suitable for tlu* fiuryiose. It guarantees that the workmanship and 
fiiush will be of the highest i lass and that the apparatus will be capable of 
operating as guaranti'ed, and agrees to correct at .any tinu' within a period 
of one year after deli\ cry, an> defects that may develop in material or work¬ 
manship, jirovidcd the I'lirehaser gives the Comyiany immediate written 
iiotioi* of such defects: and iirovideil further, that during said period the 
apparatus shall not be taxed beyond the rated e.apaeity, shall be regularly 
cleaned and careil foi, and in otlu’r respects shall be ojierated in a normal and 
proper manner. 

The Company shall not be held rosiiMisibh* for work done, apparatus 
furnished, tir repH;rs made by otlu'i's. 
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MA SAC.EMKST EXaiNEERlNC 


Expiration of Proposition. This ])V()|'()sal is void unless accepted and 
returned on or before 

Itespect fully subniittetl, 

• Company 

Accepted: lb 

li\ . 

Countersijriied ;il ibis d;iy of 

('oinpany 
Itv 
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ILLUSTRATIVE FORMS IN COMPANY ORGANIZATION 

ClCHTlFICATK OF lNrOlll*fm\T10S OF Till', COMPANY' 

W’o, the uiulorsiffiicd, for llio pnrposo of forniiiip; a corporation under 
!ind by virtue of tlu* provisions of an net of tlic Lesi'^ihiture of the State of 
XevY .ItTsi'y, entitled “An Act e.-neernin^, corjiorations fUevision of 1S90).’’ 
and the s<*v<’r.‘il sujiplenients tlieri'to and acts amendatory tliereof, <lo 
herein' severally subscribe for and af>ree to lake the number of shares of 
slock of the saifl corjioratiou h('reinafter ])laced ofiposile our respective 
names, and do lurtlier ccrlll^ and set forth as follcovs; 

I'lrst. Tlie name of said cor|)oralion shall be . 

t 'ompan\ 

Second, d'he htcaliou ol its jjiincijtal oflici in the State of Xe\^ Jersey 
shall 1)(‘at No. l.'i r>cha!iLO‘ Place, Jei.'C'v (‘ity. 

Tlie name of the mieiil who shall be thenan and in charjie thereof, upon 
whom j)roci"is auainst ttu- corporation ma\ be served, is the ('orporation 
'1 rust Conifiain o) New Jensev. 

'I'hird. 'rill- (d)jei ts IdI' which this corporal ion i- lormed an'" 

II 'bo mamil.acture, prepaii-, compound, mn, comhim'. bn\. sell and 
peiieiallv deal in all manner ol cliemii^als, cheuiical pioducts. drucs 
and ph.aimaci'utical compounds, and prep;iratloii", and to patent, 
ref;ister oi otherwl^e ])r(itecl. tlie same. 

do obtain, luirchase oi otherwise aciiuiie lormula, paIenl^ and 
secret jirocesses for the manufacture au<l ])reparation oi cliemicals, 
dtu^s and the comi»oiinds and prejiaraiions thereof, and to jiierate 
under, sell, •I'-'ian, t;rant lie'uses in respect ol, or otherwise turn the 
same 1o account 

i '! o eiin'i' into, (arr\ out or otherwise turn to account contrai'ts of 
e\ii\ hind, to have and maintain otfices within tnid without tin* 
State, to ac(|uiie, hold, mortjiaai-, lease ami eonvey or oth('rwise 
Use or dispose oi real and personal property in aii\ p.ar. of the worhl; 
and, in ^(Mieral. to carry on such opi'ratioiis and enterprises tind to do 
all such thiiifis to '‘oniKction Iherew'ith as may be permitted fiy the 
l.iw.s of New .lersey and be necessary or eonvenieiit in the conduct of 
tlie v-ompan,\ "s tni.-’iiess. 

I'ourth. 'i'lie total au'liorized slock of the eor])oration shall be twenty- 
five Miou.sand dollar.- t^-mOOO), divided into two hnmlred and fifty {‘JoO) 
sliates ol the par value ol one hundred dollars i,.S100) each, and the amount 
of capital si.tel; with w hieh .said conioratioji will bejiiiii Inisiness is five thous¬ 
and dollars S.'i.OOOb 

' A samjde eor|)ora.tion eliarter, tis published in l/iunh r t orporation 
Finance,” o.ii»inally from ('onynt;ton’s '‘The Modern I'ortioralion," 
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. 1 /. 1 SMiEMEST EKC.IEEEHING 


Kiftli. The iKiinos ;nul iiosloffice aihlrcsscs of the iiicorporatoiSs and the 
nuinb<‘r of shares snhserilied for by oacli are as follows.; 

Nainc A(Klress Shares 

Willis J. Carhart, lo I'Acliange Plae**, Ji^rscA C'it\. N. .1.-lO 

Sheldon Met'animis, lo Kxehan^e I’laee, Jersey C’ity, N. J. .."> 

John P. Whelan, lo lAelianne I’laee, Jersey C'lly, N. .) . .■> 

Sixth. The period of existenee of said eorporation shall be unlimited. 

In Witness Whereof, ^\e h;ive hereunto set our hands and seals this 21st 
dav of Julv, A. 1)., nineteen hundred anti eipht 

Willis J. (’arhart (L. 8.) 
Sheldon Alet’aniniis f’ll. 8.) 
.hihn H W lielan (L. 8.) 

In the presenee of 

Hannon W'atson 

Thomas <)'('oniu ll 

■ lixeeiited in due tni in ’ 

IiV-L\\\-- (»1 'I’llI t'oMl'AN'i* 

NiA\ YokK t'lTV 
.\iniil.i 1. —,'stoelv 

1. ('ertiiieate" ol Stock ^lial! be l^•>llt“d m nuiuencid ord(‘r from the stock 
eertiheate book, besifinetl 1>> tlie I’rc'.idenl ;iiid 'I reasun'r and sealed by the 
Secretary with tlic eorpor.'ite seal. \ record ol eacli et'rtificate issu(‘d shall 
be kejit on the stub i hert'of 

2. Transfers of Stock shall be made onl\ uptm tin* books of th(‘ ('ompan> 
and before a new certificate i^ ]>.>'Ued tht' old cerlilieate must be surrendenal 
for cancellation. 'I'lii' stock book^ of the tdinpain shall be closed for 
transfers 1went\ da\s belore fri'iit'nd elections and ten da\s before dividend 
days, ,, 

•h The treasury .'stock of the ('om|)an\ shall ctuisist tii such i.s.sued and 
outstaiidirifi stock of the (dmjiaio as ma\ be ilonated to the Company or 
otherwise ac*pnred. and >.11:111 be hehl subji'ct to disposid bv the Board 
ol Directors. Such ^tock sh.all neithei muc nor p:trticip;ite in dividends 
while h«*hl by the ( oiiijiam . 

.\i{Tn 1,1 1 l.--Stockholdet- 

1. Tin-.Xnniial Mectiiifiol t he stockholders ol I Ins ( ompanv shall beheld 
in the prnici{)al office ol tin- Conip;in\ in New ^ ork Cil> at 12 ,\1. on the 
'•ecorid .Monday in .)anu:ir\ ol e:ich year, il not a lef>:il holidav, but il a lef>.al 
holida', then on the dav following. 

2. Sjiecial Meetings ot the stockholders m:i\ be calleil at the ]>riiie.ipal 
office of the ('ornpanv at :in\ time bv resolution of the Hoard of ])ireel.ors, 
or upon written re<|Uest of stockhu'ldeis hohlni^ one-third ol the outstanding, 
stock. 

' ,\ «.‘iniple bv-law.s frenn tlu' siiiiu .source as the .abovi-. 
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li. XatK'C cif Mc(‘<iiiKS, writlcii or print(‘<l, for ovcM-y rcpilar or special 
iiicetiu^ of ilie .stoeklioldcrs, shall !)•* jircparcd and mailed to Mie last known 
postiillice a«ldress of each stockholder not less than ten days hefore any such 
inoelinK, and, if for a. special niectiiiK, such notice shall state the object or 
objects thereof. No failing* or irrejjiuhirity of notic(i of any rejrular meetin<j; 
shall invalidate such nu'etina or tiny proceeding thereat. 

4. A (Quorum at an.\ meet ing of the stockholders shall consist of a majority 
of the voting stock of llx- ('ompanv, represented in jicrson or by proxy. 
.V majority of such (|uonim shall di-cuh* any (pii'stion that mav come before 
the nuM'ting. 

'l'h<‘ eh'ction of Directors shall be held at the .■iiinual meeting of stock¬ 
holders ;iiid shall, alt<‘r th(“ first election, he conducted by two inst>ectors of 
election, ai>i)om1eil b> the I’res'dent ioi that jmrpose. The election shall be 
b_\' ballot, and e.aeh stfickholder of ri'coiil sh.all be entitled to east one vole 
lor each share of stock held by him. 

ft. ’’I'he Ord<M‘ of Hiisiness at the animal meeting, and. as far as ]>ossibh', 
at all other meetings oi lh(‘ stockholders, shall b'-' 

1 . ('ailing of roll. 

li. I’roof ol due notice of nu'eting 

Ke.ading and disposal of anv unapproved minutes. 

1 . .\nnual n'porls of otbceis ainl coininit Iees. 

.'). Election of director". 

(i rnfinislu'd business. 

7. New business 

5. .\djournnient 


AuTK'ni: 111.— Direel ors 

]. The Itusiness' and Properly of tli(“ ('ompany shall be managed by a 
Hoard ot seven Directors, ho shall be stockholders and ^^ho shall be clcctetl 
annually by ballot, by the stockholders for the term of om* yiair, and who 
shall serve until the elect ion and accejitance of their duly qualified sticeessors. 
Any \acancies ni,i> be filled b\ the Hoard for the unexpired term. Directors 
iiliall receive no eompeasation for thiar seio iees. 

2. The Uegular Mi'i'lings ol the Hoard of Directors shall be held in the 
principal oHice of the (.’onqiaiiy m New \ ork City at P.Al.. on the third 
Tuesdav of each month, if not a legal holiday , but if a leg;il holiday, then on 
the day following. 

;h ,S])ecial Meetings f f tin' Hoard of Directors to bi- hehl in the principal 
ofliee of tin- Compam :ii Ni w York City may be called at any time by the 
I’resulent, or by an\ Ihiee members ol the Ikiard, or may be held at anv 
time and pl.ace, witlioni notice, by unanimous written consent of all tin* 
member.s, or with the presem-e of all members at such meetings. 

•1. Not id's of both regular and special meetings .shall be maileil by the 
Siv.retiiry to each member ol the Hoaril not le,s.s Ilian five days before any 
such meeting, and notice.s of .special meetings shall stale the purpose, thereof. 
No failure oi irregularity of notice' of any regultir nicotii'!!: shall inv.alidate 
such iiK'eting or an> procei'ding thereat. 
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.j. A (itinnun at any inoetinfj; shall consist of a majority of entire 
tiieinborship of the Board. A majority of such quorum shall decide any 
<liie.stion that Tuay come before llie meetirifr. 

d. Officers of tlu' Company shall be elected by ballot bv the Board of 
Directors at their first mectinj]: after the «‘Iectit>n of Directors eacli year. 
II any otlicc becomes A'acant during the tear, the Board of Directors shall 
fill the same unexpired term. The Board of Directors shall fix the com- 
j»ensatn>n of the olTicers and agents of the ('omj)an_\. 

7. The Older ol business at any regular or special nx'cl.ing of the Board 
of Directors sliall be: 

1. Beading and ilisjiosal of aiic unapproved minutes. 

2. Beports of otlu'cr-- and coinnuttec-s. 

i! I nfini^hed busiiics-. 

4. New businesv. 

.7). Adiournnieiit. 

A i; rii 1 . 1 . 1 \ 1 Ulu-er-. 

1. din t llhcer- oI tli^- t’oniJKiliy sliall be ;i I’le^.aleiit. a \ ice I’resident, 
a Sec ret a 1 V and a 'I'rea surer. \\ lio sludl be elect «d lot one \ eai and shall hold 
olliccun'il ilicii s\icc<''.-'ors a re elec t ei 1 ;i ml (jualil \. The ]ic ii n um o! Seerc'- 
tarv and I reasurei inay be united in one per-.oii. 

2. 4')ie l’i'''Mlent .shall pri'side at all nieetinii', shall h;i\e gi-neial siijier- 
A jsion ol the at a I I’s ot the t ■onqi.'i n\’. shall * mn or count et sign all cc'i't ificat (*.s. 
contracts um! oihei insiimnents <ii lia- <'oinjiany as authoii/.ed bv- tlu- 
Board oi Duel ImIs- ..hall mahe rejioris to ih( direciors and stockholders and 
]» riorin all sin h otliei dutic' as aie incalent to his chlice c.r ar<‘ projx'rle 
reciuiteil rU him b\ tin Bo.ard of Diniiois, In the ab'C uc-. or disabilitv 
ol the ITcsnieiii. the Am' I’ie~aient sj,,.,ll cv ercisc all hi.s iiiiict iiii's 

'J’ln .^c'creiarc sli.a!! i"’n‘ iioiiee- tm all nieeiintrs. ,sh;ill keep their 
niiiiutc.s, shall lia\i chaiue of lije si..-,! and tin eoiporaie book-, shall sign 
with tin I*re..iilen1 'Ucli instruments u' ri(|-oi( -uch siituatuie, ;oid shall 
make .sti? h rej lor's and jm i loi m sm-h, ot hei dm le- ji - a i e me idem i o his othca . 
or are ]iro]>'‘i 1 \ recpiirc-d oi lum l>\ tin- lioard ol J)iiectois, 

1. d'lie 'I'leasurer sh.dl ha\i the enstoiB m ;ill I'Miin'i' and seeunties 
of the ( 'onipaiiy ami shall l.ei j' ref.Mi).'ii bf/'pl - o! a"<-oim1 .and b.al.ama- I In- 
satm e.n-h month. I le sti.a !l ' 1(1 n o! coiintei'icn -uch nisi ruineni s a> riapiir'' 
ills sigiiattire, shiill ]ierform ail ilutn’s lucidc-nt lo Ins ollaa or that aie 
projieib rcajuiied of him lo tlic Ijo.ai'l. and slmll g'va bond lor the ftiithfiil 
Iierforiiiiima oi his duties m such sum and with sud, suretn-s imiv be 
ivcpiliei! bv the lioard cd Director' 

\. —Dividend' ami J inama 

1 Dividemb 'hall lx- cleelaieil only Irom tin- surplu' jirolil' at such times 
as tin- l4o:iid of Direetors shall direct, and no dividc-ml shall lie declan-d that 
will iiiip.iir the lapil.al oi tlie ( cimik-inv. 

2, 'I’lie nionev s of the fVitiijianv shall lx- dejxi.sitecl in the name <if fln- 
( ot.ioan' ill such Jiank oi trust compaiiv as the- Bo.-ird of Dircctons siudl 
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desi|rnatf, and shall be drawn out only by check signed by the Tretxsurer 
and countersigned by the President^ 

AimcLE VI.—Seal 

1. The CorjHjrate Seal of the Company shall consist, of two concentric 
circles, between which is the nain# of the Company, and in the center shall 
be inscribed, “ lncorporat(*(I UK).'}, Xew York,” and such seal, as impres¬ 
sed on the margin iK'.reof, is hereby adopted as the Corporale Seal of the 
Company. 

AiiTicnic VI1. —Amendments 

1. 'I’liese by-laws iniA' bi- amended, repealed or altered, in whole or 
in part, l)y a majority vote oi the entire outstanding stock of tin* Company, 
at any regular meet ing of tlic stockholders, or at, any special meeting where 
such action has beim announced in the call and notice of such meeting. 

2. ^’hc Hoard of Direc.lors mav ad<ipt additional by-laws in harmony 
therewith, Imt slndl not altei nor repeal any bv-laws a<lopt(“d by the stock- 
hohlcrs of the Company. 

ARTICLES OF CO-PARTNERSHIP' 

Artich's of ( o-jiartnci^hip. made' ihi" first day of June in the year One 
’J'liousand, Nine Hundred find 'J'eii, and bi'twi'cn William II. Hull and 
hidw.'ird Moran, both ol Horough of Brooklyn, City of Xew.\ork. 

II itmuM'Ui: 

That the said parti<-.s have nmln.alK agreed and hereby do mut.ually 
agree to eontinne a co-l>a.n,nershi[) lieretolore entered into by and between 
them .and earned on at Xo.^. 712-721 Iledford .\vemie, in the City of Xew 
^ork, Borough of Brooklyn, for the manufacture of carriages, under the 
lini. name and siyle of Hull A *Mor.an, ujion the folloumg terms find 
conditions: 

riu.sT: 

.'said eo-paiinership shall eontiime until the .same shall be dis.solved by 
the mutual coitseiil of the }).arties heri'lo, or ended in pursiianee of some of 
the pro\'isi(ms hereinaiter contained. 

Sta'o.vn: 

Kaeh partnei ma\ teniiinate the lai-partuership by giving thirty (HO) 
da\ s written not lee to Hie o: her partner of his intention so U» do. 

I’ll tun ; 

1'he eo-partnershij’ .shall be dissolved by tin' ileath of one of the partners; 
and in that case tlie surviving partner shall liiinidate the business and pay 
over to the legal representatives of the ileeeased partner within six months 
or .soont'f, the inlere.st of such deceasedjiartner in said business. 

* Sample partnership articles, from Cerstenberg and Hughes’ “Commer¬ 
cial Jjaw.” 
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Fourth: 

All losses and profits shall be shared Equally. 

Fifth : 

The business shall be carried on under,the firm name and title of Hull it 
Moran. 


Sixth; 

In case the co-partnership be dissolvexl during the lifetime of bol h partners, 
then and in that case, both partners shall act as liquidating partners for the 
purpose of winding up the business. 


Seventh; 

In ease of the death of one of the partners, the legal representatives of that 
partner shall have the right during business hours, to inspect the books of the 
firm, and to make an inventory, at tlmir own proper exi)ense, and the, sur¬ 
viving partner shall assist them in every way possible by giving them all 
necessary information for the purpose of ascertaining the exact standing of 
the firm at the time of the death of .such deceased partner. 

EioHTii: 

The asset.^. which are to constitute the working capital of the firm, shall 
be contributed equally by the partners and said a.ssets shall be the present 
business assets of said firm, wliich .shall be taken over and be subj''rt to this 
agreement. 


Ninth; 

Each partner shall be entitled to draw a salary of sixty dollars (StiO.UOl 
per week,. 


Tenth: 

It i.s further agreed that a certain note- bi'aring even dale with these 
presents and made by said Edward Moran to the order of said William 
n. Hull, amounting to One Thousand Dollars, said be paid out of the surplus 
earnings of said Moran in said business, over and above tlie said salary of 
.$00.00 per week to be paid to him; and all such surplus i“arnings shall be 
applied in payment or in part payment of said note and interest.; and in case 
of a disiiolution of said firm, the .share of said Moran in the undivided profits 
and a.s.scts thereof, .shall first be applied in payment of said note, and the 
interest of said Moran in said firm shall constitute the .security for said note; 
and said Hull shall at all times have a lien iifion t he iutert»jt of said Moran in 
said firm to the extent of the unpanJ portion of said note; and a transfer 
or assignment of the interest of said Moran in said firm shall be subject to 
such security and lien. 
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Eleventh: 

Both partners shall give all their lime and attention to the prosecution of 
said business and the affairs of said firm and shall not engage in any other 
business, and shall not ma^e any accommodation notes or become accom¬ 
modation endorsers, or become surety on any bond or undertaking, or 
embark in any speculation, without the <*onscnt of the other partner. 


Twelfth : 

True, full and accurate books of account shall bo kept by the firm of all 
dealings and transactions by it, and shall be accessible and open to the 

inspection and examination of both partners at all times. 

• • 

Tututekntu: 

Neither party sha-11 loan or use the funds or the credit of the firm, or the 
firm's name, for any purpose whatsoever, exeepiing only the business of the 
co-partnership. 

Fourteenth; 

All business opera 1,ions, contracts, bargains, agreenu'nts, purchases, sales 
and other transactions relating to the co-partnership business, shall be the 
subject of mutual consultation, advice and agreement. 

IN WITNESS WHEllEOF, the parties hereto have hereunto set their 
respective hand.s and seals the dav aiul year first above written. 

William 11. Hull. 

I'khvard 'P. Moran. 

In presence of 
Edith Reardon. 

State of New York. C'ounty of New '^'ork, ss.. 

On this first day <»f June, 1910, before me personally came William H. 
Hull and Edward 'P. Moran, both to me jiersonally known and kno\^ to me 
to b'* the same individuals described in and wdio executed the foregoing 
instrument, and they severally duly acknowledged to me that they had 
executed the same. 

C’harles K. Norlin, 

(’omtnissioner of Deeds, 
New York City. 
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